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CONVEESATION XIIL 

ON THE ATTRACTION OF COMPOSITION. 

MRS. B. 

H AViNG completed our examination of the simple 
or elementary bodies^ we are now to proceed to 
those of a compound nature; but) before we enter 
on this extensive subject, it will be necessary to 
make you acquainted with the principal laws by 
which chemical combinations are governed. 

You recollect, I hope, what we formerly said of 
the nature of the attraction of composition, or che- 
mical attraction^ or affinity^ as it is also called ? 

£MILY. 

Yes, I think, perfectly ; it is the attraction that 
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subsists between bodies of a different nature which 
occasions them to oonibui? and form a compound^ 

when they come in contact ; and, according to Sir 
Ha Davy's opinion^ this effect is produced by the 
attraction of the opposite dectridtiM, which pre^ 
vail in bodfes of difibrent l^nds. 

MRS. 

Very well ; your definition comprehends die first 
law of chemical attraction, which is, that tt takes 
place only between bodies a different natures 9ih 
for instance) between an acid and an a|kali ; be? 

tween oxygen and a metaly &C 

CAROLINE. 

That we understand of course ; for the attraction 

between particles of a similar nature is that of ag- 
gregation, oobeuoPf which is independent of any 
chemical power, 

MRS. 

The second law of chemical attraction is, that it 
takes place only between the most ndnuie partides 
bodies; therefore, the more you diyide the particles 
of the bodies to be combined, the more readily 
they act upon eadi other. 

CAROLINE. 

That is again a circumstance which we might 
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have inferred; for the finer the particles of the 
two substances lure^ the more easily and perfectly 
they will come in contact with eadi other^ which 
must greatly facilitate their union. It was for this 
purpose^ you said, that you used iron filings, in 
preference to wires or pieces of irony for the de* 
irpmpositio^ of water* 

MRS. B. 

It was once supposed that no mechanical power 
could divide bodies into particles sufficiently minute 

for them to act on each other; and that, in order 
to produce the extreme division requisite for a che* 
mlqal action, one^ if not both of the bodies, should 
be in a fluid state. There are, however, a few in- 
stances in which two solid bodies, very finely pul- 
verized, exert a chemical action on one another; 
but such exceptions to jthe general rule are very 
rare indeed^ 

In all the combinations that we have hitherto 

seen, one of the constituents has, I believq, been 
either liquid .or aeriform. In combustions^ for 
instance, the oxygen is taken from the atmosphere^ 
in which it existed in the state of ^as ; and when- 
ever we have seen acids combine with metals or 
with alkalies, |Jliey were either in » liquid or an 
aeriform state. 

B 2 
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MII8» A* 

The third law of chemical attractioir is, that it em 

take j^aee he^aaeen tmOf threes four, or even a greaier 
number of bodies^ 

CAROLIH£« 

Oxyds and acids are bodies composed of two 
constituents; but I recollect no instance of the 
combioation of a greater number of principles. 

MRS* B* 

.Th^ compound salts, formed by the union of the 
metals with acids, are composed <if three princi- 
ples. And there are salts formed by the com- 
bination of the alkalies with the earths which are of 
a similar description* 

CAROLINE. 

Are they of the same kind as the metallic salts ? 

MRS. B. 

Yes ; they are very analogous in their nature, 
although different in many of their properties. 

A methodical nomencUture, similar to that of 
the acids, has been adopted for the compound salts. 
Each individual salt derives its name from its con- 
stituent parts, so that every name implies a know« 
ledge of the composition of the salt* 

The three alkalies, the alkaline earths, and the 

19 
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metals, arc called salifiable bases or radicals j and 
the acids, sal(fytng principles^ The name of each 
salt is composed both of that of the acid and the 
salifiable base; and it terminates in at or it^ ac- 
cQcding to the degrejs of the ostyge^iatipn of the 
acid. Thus, for instance, all those salts which are 
formed by the combinalion of the sulphuric acid 
with any of the salifiable im^ are called stiip^,s^: 
and the name, of the radical id added for the speci- 
fic distinction of the salt; if it be potash, it will 
compose a sidphat oJ pQta^i if ammonia, stdpiat 
ammonia^ &c. 

EMILY. 

Th». Miy^ntdn nvlaich we obtained from the com- 
bination of iron and sulphuric acid were therefore 
sidphat of iron? 

* Jkf RS. B. 

Precisely j aod tho^e which w^ prepared by dis- 
solving copper in nitric acid, niirat of copper^ and 
so on. — But this is not all ; if the s^U be ibrnied 
by that class of acids which ends in ouSf (which 
you know indicates a less degree of oxygenation,) 
the termination of the name of the salt will be in 
as sulp/iit qfpotashf sidphil qf anmotUa^ i^c. 

There raus^ be an immense, number of compound 

B 3 ' 
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saltSi since there is so great a variety of salifiable 
radicals, as well as of salifying prindplea. 

MRS. Br 

Their real number cSemnot be ascertained, since 
it increases eterjr day. Bat we mutt not proceed 
farther in the investigation of the compound salts, 
until we have completed the examinatiott of the 
nature of Ibe ingrediaits of which they are conn 
posed. 

The fourth law of chemical attraction is, that a 
change qf temperotwre almij^ takn place at the mo^ 
merU of conMnaiian, This arises from the extric- 
ation of the two electricities in the form of caloric, 
which always occurs when bodies- omtc i md aW 
sometimes in part from a diange of capacity of the 
bodies fer heat, which always takes place when the 
combination is attended with an increase of density, 
but more especially when the compound passes 
from the liquid to the solid form. I shaU now 
show you a striking instance of a change of tempe- 
rature from chemical union, merely by pouring 
some nitrous acid on this small quantity of oil of 
turpentine — the oil will instantly combine wkh 
the oxygen of the acidf and produce a considerable 
change of temperature. 

CAROLINE. 

What a blaze 1 The temperature of the oil and 

r 
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tke Add must be greatly raisedt indeed, to produce 
such a violent combustion. 

MRS* B« 

There is, however, a peculiarity in this combiis- 
tion» which is, that the oxygen, instead of being 
derived from the atmo^here alon^ is principally 
supplied by the acid itself* 

EMILY* 

And are not all combustions instances of the 
change of temperature produced by the chemical 

combination of two bodies ? 

. ^RSt 

Undoubtedly; when oxygen loses its gaseous 
Ibrmj in order to combine with a solid body, it 
becomes condensed, and the caloric evolved pro^^ 

duces the elevation of temperature. The specific 
gravity of bodies is at the same time altered by 
chemical combination ; for in consequence of a 
change of capacity for hea^ a change of density 
must be produced. 

CAROLINE. 

That was the case with the sulphuric acid and 
water, which, by being mixed together, gave out a 
great deal of heat, and increased in density. 

B 4 
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MB£U B» 

The fifth law of chemical attraction is, that fhc 
jprqperties which characterise bodies^ \!che7i s^arate^ 
are altered or de^trojfed by their comUtuttian. 

CAROLINE. 

Certainly; what, for instance^ can be so different 

from water as the hydrogen and oxygen gas^s ? 

£MILT. 

Or what more unUke sulphat of i-ron than iron - 
or sulphuric acid ? 

MB8. B. 

Every eh^cal combination is an illustration of 
this rule. Bat let ns proceed «— 

The sixth law is, that the force of chemical ajffiniti^ 
between the conUituents of a botfy is estimated by 
^at wkieh is required for their separeOioru This 
force is not always proportional to the facility with 
which bodies unite; for manganese, for instance, 
which, you Icnow, is so much disposed to unite with 
oxygen, that it is never found in a metallic state, 
yields it more easily than any other metal. 

« 

EMILY. 



But, Mrs. B., you speak of estimating the force 
of attracMoft bctiroai bodies^ tiy the force reqaired 
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to separate tbem ; how ctat you measure these 

forces ? • • . > , 

MRS. B. 

They cannot be precisely tneasured, but they are 
comparatively ascertained by experiment, and can 
be represented by numbers which express^ 4t least 
by approximation, the relative degrees of attractibin 

The seventh law is, bodies have amongst them- 
selves different degrees of attraction* Upon this 
law, (which you may have discovered yourselves 
long since,) the whole 'science of chemistry 
dej)€nds ; for it is by means of the various degrees 
of affinity which bodies have for each other, that 
all the chemical compositions and decompositions 
are effected. Every chemical fact or experiment 
is an instance of the same kind; and whenever 
the decomposition of a body is performed by the 
addition of any single new substance, it is said to 
be eflbcted by simjde elective attraction'^. But 
it often happens that no simple substance will 
decompose a body, and that, in order to effect this, 
you must offer to the compound a body which fs 
itself composed of two, or sometimes three prin- 
ciples, which would notf each separately, perform 
the decomposition. In this case, there are two new 
compounds formed in consequence of a reciprocal 
decomposition and recomposition. Ail instfinces 
of this kuid are called double elective uUractims. 

B 5 
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CAROLINE. 

I confess I do not understand this clearly* 

Mrs* b* 

You will easily comprehend !t by the assistance 
of this diagram, in which the reciprocal forces of 

attraction are represented by numbers : 

Origiml Compound 
Sulphat of Soda. 



Soda 8 Sulphuric Acid 



MesuU 
Nitrat ^ 
of Soda 



Reside 

7 DiveUent ^JUractioti$6'l3 } Sulphat 

of Lime 



Co 



Nitric Acid 4 Lime 
12 

Or^nal Compound 
Nitrat of Lime. 



We here* suppose that we are to decompose 

sulph at of soda ; that is, to separate the acid from 
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the alkali ; if, for this purpofle we add some lime, 
in order to make it combine with the acid, we shall 

fail in our attempt, because the soda and the 
sulphuric acid attract each other by a force which 
is superior! and (by way of supposition) is repre- 
sented by the number 8 ; while the lime tends to 
unite with this acid by an affinity equal only to 
the number of 6. It is plain, therefore, that the 
sulphat of soda will not be decomposed, smce 
a force equal to 3 cannot be overcome by a force 
equal only to 6. 

carolimI. 

So far, this appears very clear, 

« 

MRa.B. 

If, on the other hand, we endeavour to decom* 
pose this salt by nitric add, which tends to com- 
bine with soda, we shall be equally unsaccessfoT^ 
as nitric acid tends to unite with the alkali by a 
force equal only to 7* 

In neither of these cases of simple elective 
attraction, therefore, can we accomplish our pur- 
pose. But let us previously combine togetlier the 
iime and nitric acid, so as to form a nitrat of lime, 
a compound salt, the constituents of which are 
united by a power equal to 4. If then we present 
this compound to the sulphat of soda, a decompo- 
sition will ensue, because the sum of the forces 

s 6 
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which tend to preserve the two salts in their actual 
state 18 not equal to that of the forces whitob tend 
to decompose theni) and to tbm new oomlnnations. 

The nitric acid, therefore, will combine with the 
soda^ and the sulphuric acid with the lime. 

CAEOLINE. 

I understand you now very well. This double 
efifect takes place because the numbers 8 and 4, 
wbidi represent the degrees of attraction of the 
coifstituents of the two original salts, make a sum 
less than the numbers 7 ai^d 6, which represent 
the d^rees of attraction of the two new compoundft 
that will ui consequence be formed* 

Precisely so. 

CAROUNE. 

But what is the meamng of qmesant and diveUeni 
forces, wfaieh are written in the diagram? 

MRSt B« 

Quieaeent foroes aro those which tend to pre* 
serve compounds in a state of rest, or such as they 

actually are : divellent forces, those which tend to 
destroy that state of combination, and to form new 
compounds. 

These are the principal circumstances relative 
to the doctrine of chemical attractions, which 
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haye been laid down as rules by modmi chemkts: 
a few ethers might be mentioned respecting the 

same theory, but of less importance, and snch as 
would take us too far from our plan. I should, 
however, not omit to mention dmt Mn Berthollet, 
a celebrated French chemist, has questioned the 
uniform operation of elective attraction, and lias 
advanced the opinion, that, in diemical combina* 
tions, the changes which take place, and the pro* 
portions in which bodies combine, ckpcnd not only 
upon the a&iities, but, also, in some degree on the 
respective quantities of the substances concerned, 
on the heat applied durin«; the process, and some 
other circumstances. 

In that case, I suppose, there would hardly be 
two compounds exactly similar, though composed 
of the same materials ? 

MRS. B. 

On the contrary, it is found that a remarkable 
uniformity prevails, as to proportions, between 
the ingredients of bodies of similar composition. 
Thus water, as you may recollect to have seen in 
a former conversation, is composed of two volumes 
of hydrogen gas to one of oxygen, and this is 
always found to be precisely the proportion of its 
constituents, from whatever source the water be 
derived. The same uniformity prevails with re- 
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gard to the various salts ; the acid and alkalii in 
each kind of salt, being always found to combine 
in the same proportions. SometimeSf it is triie^ 
the same acid^ and the same alkali are capaUe of 
making two distinct kinds of salts ; but in all these 
cases it is founds that one of tlie salts contains just 
twice, or in some instances, thrice as much add, or 
alkali, as the other. 

If the proportions in which bodies combine are 
so constant and so well defined, how can Mr. 

Berthollet's remark be reconciled with this uniform 
system of combination ? 

MBS. B. 

Great as that philosopher's andiority IS in die* 

mistry, it is now generally supposed that his doubts 
on this subject were^.in a great degree, groundless; 
and that the eseepdons he has observed in the laws 
of definite proportions, have been only apparent, 
and may be accounted for consistently with those 
laws. 

EMILY. 

I think I now understand this law of definite 
proportions very well, so far as it regards the gases, 

such as oxygen and hydrogen, in the instance you 
have just mentioned ; but in the case of acids and 
alkalies, when the bodies are either liquid or solids 
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I do not coQoeiTe how their bulks or volames can 

be measured in order to ascertain the proportion 
in which they combine ? 

MRS. B. 

Your question is quite in point : the fiust is, that 
the law of combination, hy volume^ does not prevail 
in regard to liquids and solids. In these, we must 
leave the drcnmstanoe of bulk entirely out of con- 
sideration. It is to their tccight that we must 
attend, in determining the proportions in which 
they combine; and, accordingly^ if we take the 
combining substances in a state of perfect purity^ 
and ascertain with great accuracy, once for all, 
the proportions, by weiglU^ in which they unite, 
we shall find that in every other instance in which 
these substances have an opportunity of combining, 
they will unite in the same proportions, and 
in np other — unless it be in such proportions that 
one of the bodies shall be^ in weiglit, exactly 
double, triple, or quadruple what it was in the for« 
mer combination. 

CAROLIlfE. 

This requires a good deal of attention to be well - 
understood ; and I should like to have it illustrated 
by some particular examples of these di£Ebrent com* 
binations. 

MRS. B. 

Nothing easier than to satisfy you in this respect* 
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For instanoet with regard to bulk, nitrogen gas is 

capable of combining with oxygen gas, in difierent 
proportions : thus, one volume of nitrogen, by com- 
bining with one volume of oxygen» forme the sub* 
stance called nitrous gas ; with two yolomes of oxy- 
gen, it forms nitrous acid gas, &c. And with 
regard to solids and liquids, the proportions of 
which are estimated by weighti I may mention* as 
an example, the case of the salt called sulphat of 
potash, in which a given weight of potash may 
combine with two different proportions of enlpburic 
acid ; but the quantity of acid in one case is exactly 
double what it is in the other* 

EMILY. 

And pray what can be the cause of this singular 
uniformity in the law of combination ? 

MR8.3. 

Philosophers have not yet been able to give us 
any decisive information upon this point ; but 
they have attempted to explain, it in the follow- 
ing manner: since chemical combination takes 
place between the most minute particles of bodies, 
may we not suppose that the smallest particles or 
portions in which bodies combine^ (anid which we 
may call chemical atoms), are capable of uniting to- 
gether one to one, or sometjmes one to two* or one 
to thr^ &c, but that.thqF cannot combbe in any 
interoiediale proportion ? 
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£MILY« 

* But if an- atom was broken into two» an interme- 
diate combination would be obtained ? 

MRS. B. * • 

Yes ; but the nature of the atom is incompatible 
witli the idea of any farther division; since the 
chemical atom is the smallest quantity which che- 
mistry can obtain, and such as no mechanical 
means can possibly subdivide. 

CAROLINE, 

And pray^ what is the use of all thb doctrine of 
definite proportions? 

MRS. B. 

It is very considerable; for it enables chemists 
to form tables, by which they can see at owe glance 
the composition of all the bodies which have been 
accurately analyzed, and ascertain in an instant 
what quantity of one body will be necessary to de- 
compose a certain quantity of another; and, in 
general^ such tables serve to present, in one view, 
the results of any chemical decompositicm, and 
the quantities of the new compounds formed ; by 
which means, a considerable saving of labour is 
gained, either in enabling us to calculate before 
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hand the results of any manufacturing operation^ 
or in estimating those obtained in analytical pro- 
cesses. But I perceive the subject is becoming 
rather too intricate for us. We must not run the 

risk of entering into difficulties which might con- 
fuse your ideas, and throw more obscurity than in- 
terest upbn thi6 abstruse p'art of the philosophy of 
cheinistry.* 

CAROLINE. 

Pray, Mrs. B,, can you decompose a salt by 
means of electricity, in the same way tfs we deoom*' 
pose water ? 

tJndoubtedly ; and I am glad this question 
occurred to you, because it gives me an opportunity 

♦ This would have been the proper place for mentioning 
Dr.Wollaston's scale of chemical equivalents j but the subject 
has been thought to imply some considerations not sufficiently 
elementary for the purpose of this book. It may, however, 
be just mentioned, that the priocipal object of this scale is 
to give a tabular view of the proportions in whidi the several 
acids and bases combine in fonning iimt respective salts, 
and likewise to indisate the equmlent compounds whieh 
result from thdr decomposition. The great utility of this 
scale, and the peculiar properties which it possesses, though 
not very easily described, may be readily understood on in* 
specting the instrument, which should be in the hmdsof 
every chemical student. 
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of showing you some very interesting experiments 
on the subject 

If we dissolve a quantity, however small, of any 
salt in a glass of water, and if we plunge into it the 
extremities of the wires which proceed from the 
two ends of the Voltaic battery, the salt will be 
gradually decomposed, the acid being attracted by 
the positive, and the alkali by the negative wire. 

EMILY. 

But how cani yon render that decomposition per*' 

ceptiblc ? 

MRS. B. 

By placing in contact with the eittremities of 
each wire, in the solution,* pieces of paper stained 
with certain vegetable colours, which are altered by 
the contact of an acid or an alkali. Thus this blue 
vegetable preparation called litmus, becomes red 
when touched by an acid ; and the juice of violets 
becomes green by the contact of an alkali. 

But the experiment can be made in a much 
more distinct manner, by receiving the extremities 
of the wires into different vessels, so that the 
alkali shall appear in one vessel and the acid in the 
other* 

CA&OllKE^ 

But then the Voltaic circle will not be com- 
pleted i how can any effect be produced? 
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MRS. B. 

You are right; I ought to have added that the 
two vessels must be connected together by some 
interposed substance capable of conducting elec* 
tricitj. A piece of moistened cotton-wick answers 
this 'purpose very well. You see that the cotton 
(Plate XIII. fig. 2. c.) has one end immersed in 
one glass and the other end in the other, so as to 
establish a communication between any fluids con- 
tained in them. Wo shall now pat into each of 
the glasses a little glauber salt, or sulphat of soday 
(which consists erf* an acid and an alkaii») and then 
we shall fill the glassed wilh water, which will dis- 
solve the salt. Let us now connect the glasses by 
means of the wires {e, d,) with the two ends of the 
battery, thus 

CAROLINE. 

The wires are already giving out small bubbles : 

is tins owing to the decomposition of the salt ? 

MltS. B. 

No; these are bubbles produced by the decom* 
position of the water, as you saw in a former 
experiment. In order to render the separation 
of the acid from the alkali visible, I pour into 
the glass (aX which is connected with the posi- 
tive wire^ A few drops of .a solution of litmus^- 
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which the least quantity of acid turns red ; and 
into tlie other glass (b), which is connected with 
the negative wire^ I pour a few drops of the jaice 
of violets •••••• 

VMILT. 

The blue solution is already turning red all 

round the wire. 

CAROLINE. 

And the violet solution is beginning to turn 
green* This is. indeed very singular I 

MRS. B. 

You will be still more* astonished wben we vary 
the cfxperiment in this imniier-: — These three 

glasses (fig. 3. f, g, li,) arc, as in the former 
instance, connected together by wetted cotton, but 
the middle one alone contains a saline solution, the 
two others cQjitaining only distilled water, coloured 
as before by vegetable infusions. Yet, on making 
the connection with the battery, the alkali will 
appear in the negative glass (b), and the acid in 
the positive glass (f), though neither of them con- ' 
tained any saline roatten 

. EMILY. 

So that the acid and alkali must be convqred 
right and left from the central glass, into the 
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Other glassesi by mei^iiB of the connecting moistened 
cotton? 

MRS. B. 

Exactly so ; and you pay render the experiment 

ptill more striking, by putting into the central 
glass (k, fig. 4.) an alkaline solution^ the glauber 
salt being placed into the negative glass (I), and 
the positive glass (i) containing only water. The 
acid will be attracted by the positive wire (m), and 
will actually appear in the vessel (i), after passing 
through the idkaline solution (k), without com* 
billing with it, although, you know, acids and al- 
kalies are so much disposed to combine. But this 
conversation has already much exceeded our usual 
limits, and we cannot enlarge more upon this jn- 
teresting subject at present. 
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MRS. Bt 

Having now given you some jdea of the laws 
by which chemieal attractions are governed, we 
> jfiiay proceed to the examination of bodies which are 
fiirmed in consequence of these attractions. 

The first dass of compounds that present them- 
selves to our notice, in our gradual ascent to the 
mpst .complicated 5X>mbinations, are bodies com- 
posed of only two principle. The sulphuret9» 
phosphuretSy carburets, &c. are of diis description ; 
but the most numerous and important of these com- 
pounds are the coni^inations of oxygen with the 
various simple substances with which it has a ten^* 
dency to unite. Of these you have already acquired 
some knowledge, but it will be necessary to £nter 
into further particulars respecting the nature and 
properties of those most deserving our notice. Of 
.this class are the alkalies and the EARXUSy which 
we shall successively examine. 

We shall first take a view of the alkalies^ irf* whidi 
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there are threes viz. potashi soda, and AifuoKiA* 

The two first are called Jured alkaligs^, because they 
exist in a solid form at the temperature of the at- 
mosphere, and require a great heat to be volatUised. 
They consist^ as yoU already know, of metallic bates 
combined with oxygen. In potash, the propor- 
tions are about eighty-six parts of potassium to 
fourteen of oxygen; and in soda, seventy-seven 
parts of sodium to twenty-three of oxygen. The 
third alkali, ammonia, has been distinguished by 
the name of vokuile alkalif because its natural 
Ibrm IB that of gas. Its eonipositlon is of a more 
complicated nature of which, we shall speak here* 
afteir. 

Some of the earths bear so strong a resemblance 

in their properties to the alkalies, that it is difficult 
to know under which head to place them. The 
celdnrated French chemist^ Fonrcroy, has classed 
two of them (barytes and strontites) with the aliEtt* 
lies ; but as lime and magnesia have almost an 
equal tide to that rank, I think it better not to 

« It Imtdready been stated tiat a third fixed alkali has 
lately heta diioovered by Mrt Arfredfon, which has been 
called iUkum* It was first found in a Swedish mineral 

called petalite ; but has since been detected in some other 

minerals. Though this alkah resembles potash and soda in 
its general properties, yet it is decidedly an alkaline substance 
of its own, capable of forming different salts with the acids, 
and having in particular the property of combining with 
much greater proportions of acid than the other alkalies. 
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pafite theniy and therefore have adppted the Qom-> 

mon method of classing them with the earths, and of 
distinguishing them by the name of alkaline earths* 
The general properties of alkalies ar^ an acrid 
bnmtng taste, a pungent smeU, and a canstic action 
on the skin and flesh. 

CAOLINE. 

I wonder they should be caustic» Mrs. B.^ since 
tliey contain so little oxygen, 

MRS. A» 

Whatever substance^ has an affinity for any one 

of the constituents of animal matter, suflBciently 
powerful to decompose it, is entitled to the appeli* 
ation of caustic The alkalies, in their pure stat^ 
have a very strong attraction for water, for hydro- 
gen^ and for carbon, which, you know, are the 
constitu^t principles of oil^ and it is chiefly by ab- 
scNrbing these substances from animal matter that 
they effect its decomposition ; forj when diluted 
with a sufficient quantity of water, or combined with 
any oily substance^ ihey lose their causticity. 

But, to return to the general properties of alka- 
lies — they change, as we have already seen, the 
oolodr of syrup of violets, and other blue v^table 
infusions, to green ; and have, in general, a* very 
great tendency to unite with acids, although the 
respecdve quaUties of these two cbuBses of bodies' 
ferrn a remarkable contrast. 

vox.* II. c 



We shall examine the resalt of the oombinatkMi 
of acids and alkalies more particulaily hereafter* 
It will be sufficient at present to inform yon^ that 
whenefer adds are brought in contact with alka- 
lies, or alkaline earths, they unite with a remark- 
able eagerness, and form compounds perfecUy dl£. 
ftrent from either of their constituents; these bodies 
are called netUrcU or compound salts. 

The dry white powder which you see in this 
phial is pure caustic mtash; it is Tery difficult to 
preserve it in this state, as it attracts, with extreme 
avidity, the moisture from the atmosphere, and if 
the air were not perfisctly excluded, it would, in a 
Tery short time, be actually melted. 

EMILY. 

It is then, I suppose, always found in a liquid 
state? 

MRS. B. 

No; it exists in nature in a great variety of 
finrms and combinations^ but is never found in its 
pure separate state ; it is combined with carbonic 
acid, with which it exists in every part of the vege- 
table kingdom, and is most commmily detained 
from the ashes of vegetables, which are the residue 
that remains after all the other parts have been vo- 
laiilised fay combostioii* 
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CABOUMB. 

But you once said, that after all the volatile parts 
of a vq;etable were evaporated^ the substance that 
ttUttSoffd was cliarcoai? 

VS8.B. 

I am surprised that you should still confound the 
piooeiMs of yoiatilkatioa and comboBlion. In 
otchar to proc B ie diarcodf we evaporate «och parts 
as can be reduced to vapour by the operation of 
heat idone; but when we bum the vegetable^ we 
burn the earixm abo» and oonvert it into carbonic 
add ga5. 

CAROLINE. 

lliat is true ; I hope I shali make no more mis* 

takes in my favourite theory of combustion. 

MRS* B« 

Polasb derives its name from the pais in wkidi 

the vegetables, from which it was obtained, used 
formerly to be burnt; the alkali remained mixed 
with the ashes at the bottomi and was thence called 

potash. 

JBMILY* 

The ashes of a wood-fire, then, are potash) since 
they are vegetable ashes? 

Jtf RS* B* 

Tbegr alwoys fontain more or less potash^ but 
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are very far from consisting of that substance alon^ 
as thqr are a mixture of various earths and salts 
which remain after the combustion of yegetables, 
and from which it is not easy to separate the alkali 
in its pure form. The process by which potash is 
obtained, even in the imperfect 'state in which it is 
used in the arts, is much more compiicated than 
simple combustion. It was once deemed impossible 
to separate it entirdy from all foreign substancesi 
and it is only in chemical laboratories that it is to 
be met with in the state of purity in which you find 
it ixk this phial. Wood-ashes arey however, valu- 
able for the alkali which they contain, and are used 
for some purposes without any further preparation. 
Purified in a certain degree, they make what is 
commonly called |mr/-aA&9 which is of great effi- 
cacy in taking out grease, in washing linen, &c. ; 
for potash combines readily with oil or &t, with 
whseh it farm^ a compound well known to jou 
mder the name of soap. 

CAROLINE. 

Really ! Then I should think it would be better 
to wash all linen with pearl-ash than with soap, as, 
in the latter case^ the alkali bemg already combined 
with oil, must be less efficacious in eztractmg 
grease. 

MRS. B. 

Its effect would be- too powerful on fine linens 
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and would injure its texture; pearl-ash is therefore 
only used for that which is of a strong coarse kind. 
For the same reason, you cannot wash your hands 
with plain potash ; but, when mixed with oil in the 
form of soapf it is soft as well as cleansing) and is 
therefore much better adapted to the purpose* 

Caustic potash, as we already observed, acts on 
the skin, and animal iibre, in virtue of its attrac* 
tion for water and oil, and converts all animal 
matter into a kind of saponaceous jelly. 

EMXLYi 

♦ • • 

, Are vegetables the only source from which pot- 
ash can be derived? 

ICRS* S* 

Ko: for, though far most abundant in vege- 
tables, it is by no means confined to that class of 
bodies, being found also on the surface of the 
earth, mixed with various minerals, especially with 
earths and stones, whence it is supposed to be con* 
veytd into vegetables by the roots of the plant. 
It is also met with, though in very small quantities, 
in some animal substances. The most common 
state of potash is that of carbonate 1 suppose you 
understand what that is ? 

EMILY. 

I believe so; though I do not recollect that you 
^ver ipentioned the word before. If I am not mis- 

C 3 
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Ukm, It maftt be a compound inkf formed by tbe 

union of carbonic acid with potash. 



Very true ; you see how admirably the nomen- 
clature of modern chemistry is adapted to assbt the 
memiHy; when yon bear the name of a compound^ 
you necetsarily learn what are its constituent parts; 
and when you are acquainted with these constito- 
cnt% you can immediately name the compound 
which they form* 

CAROLINB. 

Pray how were bodies arranged and distin- 
guished before this nomenclature was introduced ? 



Chemistry was then a much more difficult study; 
for every substance had an arbitrary name^ which 
it derived either from the person who discovered 

it^ as Glauber's salts for instance; or from some 
other circumstance relative to it, though quite un- 
connected with its real nature, as potash. 

These names have been retained for some of the 
pimple bodies; for as this class is not numerous 
and therefore can easily be remembered, it has not 

been thought necessary to change them. 

EVILT. 

Yet I think it would have rendered the new no- 
inendnture more complete to have methodise 
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Ihe names of the elementary, as well as of the 
compound bodieS} though it could not have been 
done ill the same manner. But the names of the 
simple substances might have indicated their nature 
or, at leastf some of their principal properties; and 
if, like the acids and compound salts, all the simple 
bodies had a similar termination, they would have 
been immediately known as such* So complete 
4nd regular a nomenclature would, I think, have 
given a clearer and more comprehensive view of 
chemistry than the present, which is a medley of 
Ihe old and new terms. 

MRS* B« 

But you are not aware of the difficulty of intro* 
ducing into science an entire set of new terms ; it 

obliges all the teachers and professors to go to 
school again,^ and if some of the old names, that 
are least exceptionable^ were not left as an intro- 
duction to the new ones, few people would have 
had industry and perseverance enough to submit 
to the study of a completely new language ; and 
the inferior classes of artists, who can only act 
from habit and routine, would, at least for a time, 
have felt material inconvenience from a tota} 
diange of their habitual terms. Prom these con- 
siderations, Lavoisier and his colleagues, who in- 
vented the new nomenclature, thought it most 

pnident to leave a few links of the old chains in 
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order to connect it with the new onep Besidetf 

you may easily conceive the inconvenience which 
might arise from giving a r^ular nomenclature 
to substanceSf the simple nttture of which is always 
uncertain; for the new names might, perhaps, 
have proved to have been founded in error. Andf 
indeed, cautious as the inventors of the modem 
chemical language have been, it has akeady been 
found necessary to modify it in many respects. 
In those £^ cases, however, in which new terms 
have been adopted to designate simple bodies, 
these names have been so contrived as to indicate 
one of the chief properties of the body in question; 
this is the case with oxygen, which, as I ex- 
plained to you, signifies generator of acids; and 
hydrogen generator of water.* If all the elementary 
bodies had a similar termination, as you propose 
it would be necessary to change the name of any 
that might hereafter be found of a compound 
nature, which would be very inconvenient in this 
age of discovery. 

But to return to the alkalies. — We shall now 
try to melt some oi' this caustic potash in a little 
water, as a circumstance occurs during its solo- 

• It may here be obierved, that, even with regard to these 
two bodies, the nomenclature is become exceptionable, since 
it is now found that oxygen is one of the constituents of at* 
kaHesM well as of acids, and that hydrogen enterainto the com- 
position of some of the acids^ and in particular of the mnriatie* 
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Hon very worthy of observation. — Do you feel th9 
heat that is produced ? 

CAROLINE. 

Yes, 1 do; but is not this directly contrary to 
our theory of latent heat, according to which heat 

is disenffaged when fluids become solid, and cold 
produced when solids are melted. 

MRS* B. 

Tlie latter is really the case in all solutions; 
and if the solution of caustic alkalies seems to 
make an exception to the rule, it does not, I be- 
lieve, form any solid objection to the theory. The 
matter maybe explained thus: When water iirst 
comes in contact with the potash, it produces an 
eflfect similar to the slaking of lime« that is, the 
water is solidified in combining with the potash, 
and thus loses its latent heat ; this is the heat that 
you now feel, and which is, therefore, produced 
not by the melting of the solid, but by the solidi- 
fication of the fluid. But when there is more 
water than the potash can absorb and solidify, the 
latter then yields to the solvent power of the 
water; and if we do not perceive the cold pro^ 
duced by its meltings it is because it is counter* ' 
balanced by the heat previously disengaged.* 

• ThU defence of the geDml theory, however plausible, is 
liable to some obvious objections. The phenomeiiou mighty 
perhaps, be better accounted for by buppobing that a solution 
of alkali in water has less capacity for heat than either water 
or alkali in their aieparate state. 
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A very remarkable property of potash is the 
fomuition of glass by its fusion with siliceoui 
earth. You are not yet acquainted with this Uist 
substance, further than its being in the list of 
simple bodies. It is sufficient, for the present, that 
you should know that sand and flint are chiefly 
composed of it ; alone, it is infusible^ but mixed 
with potash, it melts when exposed to the heat of 
a furnace^ combines with the dkali, and runs into 
glass. 

CABOI.IN£* 

Who would ever have supposed that the same 
aobstance which converts transparent oil into such 
an opaque body as soqs^ should transform that 
opaque substance, sand, into transparent glass I 

SffRS. B. 

The transparency, or opacity of bodies, does 
not, I conceive^ depend so much upon their inti- 
mate nature as upon the arrangement of their 
particles : we cannot have a more striking instance 
of this, than is afforded by the different states of 
carbon, which, though it commonly appears in 
the form of a black opaque body, sometimes assumes 
the most dazzling transparent form in nature, that 
of diamond, which, you recollect, is carbon, and 
iriUeby in all probabiUty, derives its beantifiil trans- 
parency from the peculiar arrangement of its par- 
ticles during their crystallisation* 

• I 
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I never i^ould have supposed that the formation 
of glass was so nmple a process as you describe it. 

It is by no means an easy operation to make 
petfix^t glass ; for if the sand or flint, from which 
the siliceous earth is obtained, be mixed with any 
metallic particles, or other substance, which cannot 
be vitrified, the glass will be discoloured, or de* 
fiiced, by opaque specks. 

CAROLINE. 

That, I suppose, is the reason why objects so 
often appear irregular and distorted through a 

common glass-window. 

KRS* B* 

This species of imperfection proceed^ I believe^ 
from another cause. It is extremely difficult to 
prevent the lower part of the vessels, in which the 
materials of glass are fused, from containing a more 
dense vitreous matter than the upper, on account 
of the heavier ingredients falling to the bottom. 
« When this happens, it occasions the appearance 
of ydns or waves in theg^ass, from the difference 
of density in its several parts, which produces an 
irregular refraction of the rays of light wliich past 
through it. 
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Another species of imperfection sometimes arises 
bom the fusion not being continued for a kngth 
of time sufficient to combine the two ingredients 
completel} , or from tlie due proportion of potash 
and silex (which are as two to one) not being 
carefully observed; the glass» in those cases, will 
be liable to alteration from the action of the air, 
of salts, and especially of acids^ which will. effect 
its decomposition by combining with the potashf 
and forming compound salts. 

EMILY. 

What an OEtremely useful substance potaah is I 

Mrs. n. 

Besides the great importance of potash in the 

manufactures of glass and soap, it is of very con- 
siderable utility in many of the other arts, and in 
iCs-combhiationB with several acids^ particularly the 
nitric^ with which it forms saltpetre. 

CAR0LIN£4 

' Then saltpetre mnst be a nitrai of potashf Bdt 
we are not yet acquainted with the nitric acid ? 

MBS« B. 

. We.shall therefore defer entering into . the par- 
ticulars of' these combinations till we come to a 
general review of the compound salts. In order 
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to avoid confusion, it will be better at present to 
oonfine ourselves to the alkalies* 

EMILY. 

Cannot you show us the change of colour which 

you said the alkalies produced on blue vegetable 
infusions ? 

MRS* 

. ' Yes ; very easily. I shall dip a piece of whitd 

paper into this syrup of violets, which, you see, 
is of a deep blue, and dyes the paper of the same 
CQlour.*-^ As soon as it is dry, we shall dip it into a 
solution of potash, which, though itself colourless, 
will turn the paper green — 

CABOLINfi. 

So it has, indeed ! And do the other alkalies 
produce a similar effect? 

MRS. B. 

Exactly the same. — We may now proceed to 
SODA, which, however important, will detain us 
but a very short time; as in all its general pro- 
perties it very sirongly resembles potash ; indeed, 
so great is their similitude, that they have been 
long confounded, and they can now scarcely be 
distinguished, except by the diflference of the salts 
which they form with acids. 

The great source of this alkali is the sea, where. 
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cc>robined with a peculiar acid, it forms the salt 
with which the waters of the oowa are so strongljF 
impregnated* 

EMILY. 

Is not that the common table salt? 

MRS. B. 

The very same; but again we must postpone 
entering into the particulars of this interesting 
combination, till we treat of the neutral salts. Soda 
may be obtained from common salt; but the easiest 
and most usual method of procuring it is by the 
combustion of marine plants, an operation per- 
fectly analogous to that by which potash is obtained 
from vegetables. 

SMILT. 

From what does soda derive its name ? 

MRS. B. 

From a plant called by us sodOf and by tbe 
Arabs kali, which aflbrds it in great abundance. 
Kali has, indeed^ given its name to the alkalies in 
gencnl. 

OABOUIIE* 

Doea soda form glass and soap in the same 

manner as potash ? 

MRS. B. 

Yes, it does; it is of equal importance in the 
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arta» and is eren preferred- to potash fer scnne 

purposes ; but you will not be able to distinguish 
their properties, till we examine the compouod 
salts which they form with adds ; we mast there- 
fore leave soda for the present, and proceed to 
AMMONiAf or the volatile alkali* 

EMILT. 

I long to hear something of this alkali; is it not 
ct the same natmre as hartdiom ? 

MRS* B« 

Te8» it is» as you will see by*and-bye. This 

alkali is seldom found in nature in its pure state; 
it is most commonly extracted from a compound 
salt, called sal oMmoniaCf which was formerly im- 
ported from Ammonia^ a region of Libya* from 
which both these salts and the alkali derive their 
names. The crystals contained in this bottle are 
specimens of this salt, which consists of a com* 
bination of ammonia and muriatic acid. 

CAROLINE. 

Then it should be called muriat ^ ammoniat 
for though I am ignorant what muriatic acid is, 
yet I know that its combination with ammonia 
cannot but be so called ; and I am surprised to see 
sal ammoniac inscribed cn the labd* 



Digitized by Google 



40 



AMMONIA. 



MRS. B. 

That is the name by which it has been so long 
kaown, that the modern chemists have not yet 
succeeded io banishing it altogether; and it ia 
still sold under that name by druggists^ though by 
scientific chemists it is more properly called mu- 
riat of ammonia. 

CAROLINE. 

Both the popular and the common name should 
be inscribed on labels— -this would soon introduce 

the new nomenclature. 

£M1LY. 

By what means can the ammonia be separated 
from the muriatic acid ? 

MRS. B. 

By chemical attractions; but this operation is 

too complicated for you to understand till you are 
better acquainted with the agency of affinities. 

EMILY. 

And when extracted from the salt» what kind of 
substance is ammonia? 

MRS. B. 

Its natural formi at tlie temperature of the at- 
mosphere, when free from combination, is that oS 
gas; and in this state it is called ammoniacal gas. 
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Bat it mixes very readily with water, and can be 

thus obtained in a liquid form. 

CAROLINE. 

You said that ammonia was more complicated: 

in its composition than the other alkalies ; pray of 
what principles does it consist ? 

It was discovered a few years since, by Berthol- 
let, a celebrated French chemist, that it consisted 
of about one. part of hydrog^ to four parts of ni- 
tSrogen. Having heated ammoniacal gas under a 
receiver, by causing the electrical spark to pass re- 
peatedly through, it, he found that it increased 
considerably in bulk, lost all its alkaline proper- 
ties, and was actually converted into hydrogen and 
nitrogen gases ; and from the latest and most accu- 
XBte experiments, the proportions appear to be^ 
one volume of nitrogen gas to three of o^^gen 
gas* 

CAROLINE. 

Ammonia, therefore, has not, like the two other 
alkalies, a metallic basis 7 

MRS* 

It is believed that it has, though it is extremely 
difficult to reconcile that idea with what I have just 
stated of its chemical nature. But the fact is, that 
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although this supposed metallic basis of amaionia 
has never been obtained difitind and «epanitiQ» yet 
both Professor Berzelius, of Stockholm, and Sir 
H. Davy, have succeeded in forming a combination 
of mercury with the bask of ammoitia^ which has 
so much the appearance of an amalgam, that it 
strongly corroborates the idea of ammonia having 
a metallic basis** But these theoretical points are 
full of difficulties and doubts^ and it would be use- 
less to dwell any longer upon thera. 

Let us therefore return to the properties of vola-« 
tile alkali* Ammoniacal gas is considerably lighter 
than oxygen gas, and only about half the weight 
of atmospherical air. It possesses most of the pro- 
perties of the fixed alkalies ; but cannot be of sa 
mudi use in the arta on account of its Tolatile na» 
ture. It isf therefore^ never employed in the ma- 
nu&cture of glass^ but it forms soap with oila 
equally as weU as potash and soda; it resemblee 
them Hkewise in its strong attraction fer wutevi 
for which reason it can be collected in a receive 
over mercury only* 

* This amalgam is easily obtained, by placing a globule of 
mercury upon a piece of muriat, or carbonat of itnimonia, 
and electrifying this globule by the Voltaic battery. The 
globule instantly begins to expand to three or four times its 
fonner size, and becomes much less fluid, though without 
losing its metallic lustre, a change which is ascribed to the 
metidlk basis of amoionia uaiting with the mereoiy. This 
if sa tt$/trmtl^ tmiM esispsrioient 
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CAROLINA 

I tlo not understand this. 

MRS* S» 

Do you recollect the method whidi we us^d to 
oQllect gases in a glass receiver over water ? 

CABOLINB. 

Perfectly. 

MRS. B. 

Ammoniacal gas has so strong a tendency to 
unite with water, that, instead of passing through 
that fluid) it would be instantaneously absorbed by 
it. We can dierefixre neither use water for that 
purpose, nor any other liquid of which water is a 
component part ; so that, in order to collect this 
gas, we are dU^[ed to have recourse to mercury, 
(a liquid whidi has no action upon it,) and a mer- 
curial bath is used instead of a water bath, such 
as we employed on former occasions. Water im- 
prt^ated with this gas is nothing more than tb^ 
fluid which you mentioned at the beginning of the 
conversation — hartshorn ; it is the ammoniacal 
gM eacafmig from the water which gives it so 
powerful a smdL 

EMILY. 

But there is no appearance of effmescence in 
hartshorn. 
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Because the particles of gas that rise from the 

water are too subtle and minute for their e£Pect to 
be visible. 

Water diminishes in density, by being impreg- 
nated with ammoniacal gas; and this augmentation 
of bulk increases its capacity for caloric. 

EMILY. 

In making hartshorn, then, or impregnating 
l^ater with ammonia, heat must be absorbed, and 
cold produced ? 

MRS. B. 

That eflfect would take place if it was not counter- 
acted by another circumstance ; the gas is Itque- 

fied by incorporating with the water, and gives 
out its latent heat. The condensation of the gas 
more than counterbalances the expansion of the 
water ; therefore, upon the whole, heat is pro- 
duced. — But if you dissolve ammoniacal gas with 
ice or snow, cold is produced. — Can you account 
for that? 

EMILY. 

The gas, in being condensed into a liquid, must 
give out heat; and, on the other hand, the snow or 

ice, in being rarefied into a liquid, must absorb 
heat; so that, between the opposite effects, I should 
liave supposed the original temperalnre would have 
been preserved. 
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MBS. B. 

But you have forgotten to take into the account 
the rarefaction of the water (or melted ice) bj the 
impregnation of the gas; and this is the cause of 
the cold which is ultimately produced. 

CABOLINE. 

Is the sal volatile (the smell of which so strongly 
resembles hartshoru) Ukewise a preparation of am* 
monia? 

MRS. B. 

It is carbonat of ammonia dissolved in water; 

and which, in its concrete state, is commonly called 
salts of hartshorn. Ammonia is caustic^ like the 
fixed allmlies, as you may judge by the pungent 
effects of hartshorn, which cannot be taken inter- 
nally, nor applied to delicate external parts, with- 
out being plentifully diluted with water. — • Oil and 
acids are very excdlmit antidotes for alkaline poi* 
SODS ; can you guess why ? 

CABOLlN£* 

Perhaps, because the oil combines with the al- 
kali, and forms soap, and thus destroys its caustic 
properties; and the acid converts it into a com^- 
pound salt, which, I suppose^ is not so pernicious 
as caustic alkali. 

MBS. B. 

Predsdyso* 
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Ammoniacal gaa^ if it be mixed with atmosphe- 
rical air, and a burning taper repeatedly plunged 
into itf will bum with a large flame of a peculiar 
yelkiw oolonr. 

But pray tell me> can ammonia be procnied 

from this Lybian salt only ? 

So far from it, that it is contained in, and may 
be extracted from, all animal mibstancea what* 
e^er. Hydrogen and nitrogen are two of the 
diief constituents of animal matter ; it is therefore 
not snrprisii^ that they sfaoold occawonally uee^ 
aiHd combine in dtose proportions that compose 
ammonia. But this alkali is more frequently gene- 
rated by the spontaneous decomposition of animal 
snfastanees; tlie hydrogen and nititigen gases that 
arise from putrified bodies combine^ and form the 
Tolatile alkali. 

Muriat of ammoni% instead of being ezdusiydy 
brought from Lybia, as it originally was, is now 
chiefly prepared in Europe, by chemical processes. 
Ammonia^ although principally extracted from this 
salt, can also be produced by a great variety of 
other substance*. The horns of cattle, especially 
those of deer, yield it in abundance, and it is from 
this drcomstanoe that a solution of ammonia in 
water has been called hartshorn. It may likewise 
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be procured firom wool, fleshy end bonei; in m 
woid, any animal sabrtanoe whaterer yields it by 

decomposition. 

We shall now lay aside the alkalies, however 
important the subject may b^ till we treat of their 
combination with acids. The next time we meet, 
we shall examine the earths* 
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JLhe earths^ which we are to-day to examinet 
are nme in number: 



MAGNESIA^ 

The last three are of late discovery; their 
properties are but imperfectly known; and, as they 
liave not yet been applied to use, it will be unne* 
cessary to enter into any particulars respecting 
them ; wc shall confine our remarks^ thereforCf to 
the first five. They are composed* as yon have 
already learnt, of a metallic basis combined with 
oxygen ; and, from this circumstance^ are incom- 
bustible. 



SILEX^' 

ALUMINE, 

BARYTESy 



8TRONTITES» 

YTTRIA, 

GLUCINA9 

ZIBCOMIA* 
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CAROLINE. 

Yet I have seen turf burnt in the country^ and 
it makes an excellent fire; the earth becomes red 
hot, and produces a very great quantity of heat. 

MRS* B* .....) 

It is not the earth that bnms, my dear, but the 
I'ootSy grass, and other remnants of vegetables that 
are intermixed with it* The caloric, which is pro- 
duced by the combustion of these substances, 
makes the earth red hot, and this being a bad con- 
ductor of heat, retains its caloric a long time; but 
were you to examine it when cooled, you would 
find that it had not absorbed one particle of oxy- 
gen, nor suffered any alteration from the fire. 
Earth is, however, from the circumstance just men- 
tioned, an excellent radiator of heat, and owes its 
utility, when mixed with fuel, solely to that pro- 
perty. It is in this point of view that Count Rum- 
ford has recommended balls of incombustible sub- . 
stances to be arranged in fire-places, and mixed 
wilji the coals, by which means the caloric dis- 
engaged by the combustion of the latter is more 
perfectly reflected into the room, and an expense 
of fuel is saved. 

EMILT. 

I expected that the list of earths would be much 
inore considerable. When I think of the immense 

VOL. II. D 
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wiely of ioil8> I am astoniibed that there is not 

a greater number of earths to form them. 

You might, indeed, almost confine that number 
to four ; for barytes, strootites, and the others.of 
late discovery, act but so small a part in this great 
theatre, that they cannot be reckoned as essential 
to the general formation of the globe^ And you 
muflt not confine your idea of earths to the form- 
ation of soil ; for rock, marble, chalk, slate, sand, 
flint, and all kinds of stones, from the precious 
Jewels to the commonest pdMes mo a word, all 
the immenie variety of mineral products, may be 
referred to some of these earths, either in a simple 
state, or combined the one with the other, or 
blended with other ingredients. 

* 

CASOLINS. 

Precious stones composed of earth I That seems 
very difficult to conceive. 

Is' it more extraordinary than that the most 

precious of all jewels, diamond, should be com- 
posed of carbon? But diamond forms an excep- 
tion, Mrs. B. .; for, thongh a stoyis^ it is not 
composed of earth. 
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I did not specify the escoeptioiH aft I kneir yoa 
were so wdl aoqiudnled wHh k. Besides, I would 

call a diamond a mineral rather than a stone, as 
tbe latter term always implies the presence of 
some earth* 

I cannot conceive how such coarse materials can 
be converted into such beautiful productions. 

are very far flrom understanding all the 
secret resources of nature; but I do not think the 

spontaneous formation of the crystals, which we 
call precious stones, one of the most difficult phe- 
nomena to comprehend* 

By the slow and regular work of ages, perhaps 
of hundreds of ages, these earths may be gradu- 
ally dissolved by water, and as gradually deposited 
by their solvent in the undisturbed process of crys- 
tallisation. The regular arrangement of their 
particles, during their re^union in a solid mass, 
gives them that brilliancy, transparency, and 
beauty, for which they are so much admired ; and 
renders tbem in appearance so totally dilBSerent 
from thdur rude and pr^aitive ingredients. 
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GABOUSE. 

But how does. it happen that they are spontanea 
ously dissoivedy 'and afterwards crystallised ? 

The scarcity of many kinds of crystals, as rubiesi 
emeralds, topazes, shows that their formation 
is not an opmtion very easily carried on in 
nature. But cannot you imagine that when water, 
holding in solution some particles of earth, filters 
through the crevices of hills or mountainsi and at 
length dribbles into some cavern, each successive 
drop may be slowly evaporated, leaving behind it 
the particle of earth which it held in solution? 
You know that crystallisation is more regular and 
perfect, in proportion as the evaporation of the 
solvent is slow and uniform; nature, therefore, 
who knows no limit of time^ has, in all works of 
this kind, an infinite advantage over any artist 
who attempts to imitate such productions. 

£MiLy. 

I can now conceive that the arrangement of the 
particles of earth, during crystallisation, may be 
such as to occasion tvansparenqr, by admittitig a 
free passage to the rays of light ; but I cannot 

understand why crystallised earths should assume 

such beautiful colours as most of them da Sap* 

3» 
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phire» for instancy is of a celestial blue ; rubyi a 
deep red; topaz, a brilliant yellow ? 

HR8.B. 

Nothing is more simple than to suppose that the 
arrangement of their particles is such, as to trans- 
mit some of the coloured rays of light, and to re- 
flect others, in which case the stone must appear 
of the colour of the rays which it reflecte* ' But 
besides, it frequently happens that the colour of 
a stone is owing to a mixture of some metallic 
matter* 

CAROLINE. 

Pray, are the different kinds of precious stones 
each composed of one individual earth, or are 
they formed of a combination of several earths? 

MRS. B. 

A great variety of materials enters into the com- 
position of most of them; not only several earths, 
but sometimes salts and metals. The earths, how- 
ever, in their simple state, frequently form very 
beautiful crystals ; and, indeed, it k in that state - 
only that they can be obtained perfectly pure. 

EMILY. 

t" • » 

• Is not the Derbyshire spar produced by the 
crystallisation of earths, in the way you have just 
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explained ? I have been in some of the subterra* 
neous caverns where it is foandy whi^' are similar 
to those you have described. 

V RS. B. 

Yes; but this spar is a very imperfect specim^ 
of cryttallisation ; it consists of a variety of ingre* 
dients confusedly blended together, as you may 
judge by its opacity, and by the various colours 
and appearances which it exhibitSt 

But, in examining the earths in their most per* 
feet and agreeable form, we must not lose sight of 
that state in which they are commonly found, and 
which, if less pleasing to the eye, is far more in- 
teresting by its utility. 

All the earths are more or less endowed with 
alkaline properties; bnt there are fomr, barytesy 
magnesia, lime, and strontites, which are called 
alkaline earths, because they possess those qualities 
in so great a degree, as to entitle them, in most 
respects, to the rank of alkalies. They combine 
and form compound salts with acids, in the same 
wi^ as alkalies ; they are, like them, susceptible 
of a considerable degree of causticity, and are acted 
upon in a similar manner by chemical tests.— Thie 
remainmg earths, silex and alumine, with one or 
two others of late discovery, are hi some degree more 
earthy, that is to say, they possess more complttely 
the properties common to all the earths, which 
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are, insipidity, drynesS) unalterableness in the hre, 
infuMbilit/y &c. 

CABOLINS. 

Yety did you not tell us that silex, or siliceous 
earth, when mixed with an alkali^ was fusible^ and 

run into glass ? 

MRS* B* 

Ye8» my dear; but the characteristic properties 
of earths, which I have mentioned, are to be con* 

sidered as belonging to them in a state of purity 
only; a state in which they are very seldom to be 
met with in nature. — Besides these general proper- 
ties, each earth has its own specific characters, by 
which it is distinguished from any other substance.. 
Let us therefore review them separately. 

SuLEX, or SILICA, abounds in fliuti sand, sand- 
Stan^ Bgatef jasper, ftc; it forms the basis of 
many preeioos stones, and particularly of those 
which strike fire with steel. It is rough to the 
touch, scratches and wears away metals; it is acted 
upon by no acid but the fluoric, and is not soluble 
in water by any known process ; but nature cer- 
tainly dissolves it by' means with which we are un* 
acquainted, and thus prodncea a variety of siliceous 
crystals, and amongt these rock crystalf which is 
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tlie purest specimen of this earth. Silex appears to 
have been intended by Providence to form the solid 
basis of the globe, to serve as a foundation for the 
original mountains, and give them that hardness 
and durability which has enabled them to resist the 
various revolutions which the surface of tlie earth 
has successively undergone. From these mount- 
ains siliceous rocks have, during the course of ages, 
been gradually detached by torrents of water, and 
brought down in fragments ; these, in the violence 
and rapidity Of thdrdescent, aresometlmescrumWed 
to sand, and in this state form the beds of rivers and 
of the sea, chiefly composed of siliceous materials. 
Sometimes the fragments are broken without being 
pulverised by their fall, and assume the form of 
pebbles, which gradually become rounded and po- 
lished. 

SMILY. 

Pray what is the true colour of silex, which 
forms such a variety of different coloured sub- 
stances? Sand is brown, flint is nearly black, and 
precious stones are of all colours* 

Pure silex, such as is found only in the chemist's 
laboratory^ is perfectly white, and the various 
colours which it assutnety in the diflerent «nb* 
stances you have just mentioned, proceed from 
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dififerent ingredienU with which it is mixed in 

them. 

' CAROLIKB. 

I wonder that silex is not more valuable, since 
it forms the basis of so many precious stones. 

MRS. B. 

You must not forget that the value we set 
upon precious stones depends in a great measure 
upon the scarcity with which nature affords them ; 
for, were those productions either common or per- 
fectly imitable by art, they would no longer, - not- 
withstanding their beauty, be so highly esteemed. 

But the real value of siliceous earth, in many of the 
most useful arts, is very extensive. Mixed with 

clay, it forms the basis of all the various kinds of 

earthenware, from tlie most common utensils to the 
.most refined ornaments* 

£MILY. 

And we must recollect its importance in the for- 
mation of glass with potash. 

ICRS* 

Nor. should we omit to mention, likewise, many 
other important uses of silex, such as being the 
chief ingredient of some of the most durable ce- 
ment% of mortar, &c« 
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I said before that siliceous earth combined with 
no add but the fluoric ; it is for this reason that 
glass is liable to be attacked by that acid only, 
which) from its strong affinity to silex, forces that 
substance from its combination with the potash^ 
and thus destroys the glass. 

We will now hasten to proceed to the other 
earthS) for I am rather apprehensive of your grow- 
ing weary of this part of our subject. 

CAROUNE. 

I confess that the history of the earths is not quite 
80 entertaming as that of the simple substances. 

Perhaps not; but it is absolutely indispensable 
that yon diould know something of them; fioft 
they form the basis of so many interesting and 
important compounds^ that their total omission 
would throw great obscurity on our general out- 
line of chemical science. We shall, however, re- 
view them in as cursory a manner as the subject 
can admit of. 

Alumine derives its name from a compound 
salt called abinh of which it forms the basie. 

* 

CAMOUm. 

But it ought to be just the contrary^ Mrs. B. ; 
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the simple body should giv^ instead of taking its 
name from the oompoimd. 



That is true; but as the compound salt was 
known long before its basis was discovered* it was 
very natural that when the earth was at length 
separated from the acid, it should derive its name 
from the compound from which it was obtained* 
However, to remove your scruples, we will call 
the salt according to the new nomenclature, 
sidphat qf alumine* From this combination, alu- 
mine may be obtained in its pure state; it is 
then soft to the touch, makes a paste with water, 
and hardens in the £ire« In nature, it is found 
chiefly in clay, which contains a considerable pro- 
portion of this earth ; it is very abundant in fiik> 
ler^s earth, slate, and a variety of other mineral pro- 
ductions* There is indeed scarcely any mineral 
substance more useful to mankind thn alumine. 
In the state of clay, it forms large strata of the 
earth* gives consistency to the soil of valleysy and 
of all low and damp spots, such as swamps and 
marshes. The beds of lakes, ponds, and springs, 
are almost entirely of clay; instead of allowing 
of the filtration of water* as sand does, it forms 
an impenetrable bottom, and by this means water 
is accumulated in the caverns of the earth* pro* 
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ducing those reservoirs whence springs issue, and 
spout out at the surface. 

EMILY* 

I always thoaght that these subterraneoas reser- 
voirs of water were bedded by some hard stone, or 
rock, which the water could not penetrate. 

MRS. B« 

That is not the case; for in the course of time 

water would penetrate, or wear away silex, or any 
other kind of stoue^ while it is effectually stopped 
by clay, or alamine. 

The solid compact soils, such as are iit for corn, 
owe their consistence in a great measure to alu- 
mine: this earth is therefore used to improve 
sandy or chalky soils, which do not retain a suffi- 
cient quantity of water ibr the purpose of veget« 
ation. 

Alumine is the most essential ingredient in all 
potteries* It enters into the composition of brick, 
as well as that of the finest porcelain : the addition 
of silex and water hardens it, renders it susceptible 
of a degree of vitrification, and makes it perfectly 
fit for its various purposes. 

CAROLINE. ' 

I can scarcely conceive that brick aUd diina 

should be made of the same materials. 
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MRS. B. 

Brick consists almost entirely of baked day; 

but a certain proportion of silex is essential to the 
formation of eartlien or stone ware* In common 
potteries sand is used for that purpose; a more 
pure silex is, I believe, necessary for the composi- 
tion of porcelain, as well as a finer kind of clay; and 
these materials are^ no doubt, more carefully pre- 
pared, and curiously wrought, in the one case than 
in the other. Porcelain owes its beautiful semi- 
trauspareocy to a commencement of vitrification. 

EMILY. 

But the commonest earthenware, though not 
transparent, is covered with a kind of glazing. 

MRS. B« 

That precaution is equally necessary for use as 
for beauty, as the ware would be liable to be 
.spoiled and corroded by a variety of substances, 
if not covered with a coating of this kind. In 
porcelain it consists of enamel, which is a fine 
white opake glass, formed of metallic oxyds, sand, 
salts, and such other materials as are susceptible 
of vitrification. The glazing of common earthen- 
ware is made chiefly of oxyd of lead, or sometimes 
merely of salt, which, when thinly spread over 
earthen vessels, wUl, at a certain heat, run into 
.opaque glass. 
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CAROLINE. 

' And of what nature are the colours which are 
used for painting porcelain? 

SIRS* B« 

Tliejr are all composed of metallic oxyds; so that 
these colours, instead of recelTing injury from the 
application of fire, are strengthened and developed 
by its action, which causes them to undergo d]& 
fimnt degrees of oxydation. 

Alumine and silex are not only often combined 
by art, but they have in nature a very strong ten- 
dency to unite, and are found combined, in di& 
ftrent proportions, in various gems and other mi- 
nerals. Indeed, many of the precious stones, such 
as ruby, oriental sapphire, amethyst, &c« consist 
chiefly of alumine. 

Wc may now proceed to the alkaline earths. 
I shall say but a few words on babttxs, as it is 
hardly ever used, except in chemical laboratories. 

It is remarkable for its great weight, and its strong 
alkaline properties, such as destroymg animal 
substances, turning green some blue vegetable co- 
lours, and showing a powerful attniction for acids; 
this last property it possesses to such a degree, 
particularly with regard to the sulphuric acid, that 
it will always detect its presence in any substance 
or combination whatever, by immediately uniting 
with it» and forming a sulphat of barytes. This 
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renders it a very valuable chemical test. It is 
found pretty abandantly in nature in the state of 
caxbonet, from which the pure earth can be eaiify 

separated. 

The next earth we have to consider it lime* . 
This is a substance of too great and general im- 
portance to be passed over so slightly as the 
last. 

lame is strongly alkalbe. In nature it is not 

met with in its simple state^ as its affinity for water 
and carbonic acid is so great, that it is always 
found combined with these substances^ with which 
it forms the common lime-stone ; but it is sepa- 
rated in the kiln from these ingredients, which are 
volatilized whenever a sufficient degree of heat is 
applied* 

SMILT. 

Pure lime, tbeUy is nothing but lime-stone) which 
has been deprivedi in the kiln^ of its water and 
carbonic acid ? 

MRS* B* 

F^pedsely : in this state it is called gukk'Umef 
and it is so caustic, that it is capable of decompos- 
ing the dead bodies of animals very rapidly, with- 
out their undergoing the process of putrefiiction* 
—I have here some quick-Ume, which is kept 
carefully corked up in a bottle to prevent the 
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acqess of air; for, were it all exposed to die at«> 

mosphere, it would absorb both moisture and car- 
bonic acid gas from it» and be soon slaked* Here 
is also some lime*8tone — we shall pour a little 
water on each, and observe the efiecte that result 
from it. 

CAROLINE. 

How the quick-lime hisses ! It is become ex- 
cessively hot 1 — It swells, and now it bursts and 
cmmbles to powder, while the water appears -to 

produce no kind of alteration on the lime-stone. 

« » 

MRS. B. 

Because the lime-stone is already saturated with 

water, whilst the quick-lime, which has been de- 
prived of it in the kiln, combines with it with very 
great avidity, and produces this prodigious disen- 
gagement of heat, the cause of which I formerly 

explained to you : do you recollect it ? 

EMILY. 

Yes ; you said that the heat did not proceed from 
the lirae^ but from the water which was solidyied^ 
and thus parted with its heat of liquidity. 

Very well. If we continue to add successive 
quantities of water to the lime, after bring slaked 
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and crumbled, as you see, it will then gradually be 
diffused in the water, till it will at Iragth be dis- 
solved in it, and entirely disappear; but for this 
purpose it requires no less than 700 times its weight 
of water. This solution is called Ume-wier* 

CAROLINP. 

How very smali> then, is the proportion of lime 
dissolved i 

■ 

9f%8a B« 

Barries is also of very difficult solution; but 
it is much more soluble in the state of crystals. 
The liquid contained in this bottle is lime-water: it 
is often used as a medicine, chiefly, I believe, for 
the purpose of combining with, and neutralising, 
the superabundant acid which it meets with in the 
stomach. 

EMILY. 

I am surprised that it is so perfectly clear : it 
does not at all partake of the whiteness of the 
lime. 

MRS. B. 

Have you forgotten that, in solutions, the 
solid body is so minotdy subdivided by the fluid 
as to become invisible, and, therefore^ will not, in 
the least degree impair the transparency of the 
solvent ? 
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I said that the atdraction of lime-for carbonic 
acid was so strong, that it would absord it from 

the atmosphere. We may see tliis effect by ex- 
posing a glass of lime-water to the air : the lime 
will then separate from the water, combine with the 
carbonic acid, and reappear on the surface in the 
form of a white film, which is carbonat of lime^ 
commonly called chalk 

CAROUNE. 

CiShalk i% then^ a compound salt t I never should 
have* supposed that those immense beds of chalk, 
that we see in many parts of the country, were a 
salt. Now the white film begins to appear on the 
surface of the water: but it is far from resembling 
hard solid chalk. 

MRS* S« 

• 

That is owing to its state of extreme division: 

in a little time it will collect into a more com- 
pact mass, and subside at the bottom of the 
glaiss. 

If you breathe into lime-water, the carbonic 
acid, which is mixed with the air that you expiry 
will produce the same effect. It is an experiment 
very easily made ; — I shall pour some lime>water 
into this glass tube^ and, by breathing repeatedly 
into it, you will soon perceive a pmq[utatioii of 
chalk*— 
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I see already a unaU white cloud formed. 

It is composed of minute particles of chalk ; at 
present it floats in the water, but it will soon sub- 
side. 

Carbonat of lime, or chalk, you see, is insoluble 
in water, since the lime which was dissolved re- 
appeaxa when converted into chalk ; but you must 
take notice of a very singular cireumstanoe, which 
i% that .chalk is soluble in water impregnated with 
carbonic acid* 

CAHOUN£* 

It Is very curious, indeed, that carbonic acid gas 
should render lime soluble in one instance, and 
insoluble in the other I 

I have here a bottle of S^tzcr water, which, 
you know, is strongly imprepiated with carbonic 
aad:— *Iet us pour a little of it into a glass of lim^ 
water* You see that it immediately forma a preci- 
pitation of carbonat of lime ? 

EBflLT. 

Yesy a white doud appears. 



I shall now pour on additional quantity of the 
Seltzer water into the lime-water. — 

EMILY. 

How singular! The cloud is redissolvedy and 

the liquid is again transparent. 

MRS. B. 

All the mystery depends upon this circum- 
stance) that carbonat of lime is soluble in car- 
bonic acid) whilst it is insoluble in water; the 
first quantity of carbonic acid, therefore, #hich I 
introduced into the lime-water, was empjoyed in 
forming the carbonat of limci which remained 
visible) until an additional quantify of carbonic 
acid dissolved it Thus, you see, when the lime 
and carbonic acid are in proper px*oportions to 
form chalk) the white cloud appears; but when the 
fwid predominates, the chalk is no sooner formed 
than it is dissolved. 

CAROLINE. 

' That is now the case ; but let us try whether a 

further addition of lime-water will again precipitate 
the chalk. 

EMILY. 

It doeS) indeed I The doud reappears, becaoaei* 
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I suppose, there is now no more of the carbonic 
acid than is necessary to form chalk; and^ in order 
to dissolve the chalk, a superabimdance of add i« 
required* 

MRS* S« 

We have^ I think, carried this experiment fiir 

enough ; every repetition would but exhibit the 
same appearances. 

Lime combines with most of the acids, to which 
the carbonic (as being the weakest) readily yields 
ic; but these combinations we shall have an op* 
portunity of noticing more particularly hereafWt 
It unites with phospliorus, and with sulphur, in 
their simple state ; in short, of all the earths, lime 
i» that which nature employs most frequently, and 
most abundantly, in its innumerable combinatiobs. 
It is the basis of all calcareous earths and stones; 
we find it likewise in the animal and the vegetable 
creations. 

EMILY. 

And in the arts is not lime of very great utility ? 

MRS. JB. 

Scarcely any substance morfe so ; you know that 
it .is a most essential requisite in buildings as it 
constitutes the basis of all cement8,*8ach as mortar, 
stucco, plaster, &c. 
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Lime is also of infinite importance in agriculture; 
it lightens and warms soils that are too oold and 
compact, in consequence of too great a proportioii 
of clay. — But it would be endless to enumerate 
the various purposes for which it is emplojred ; and 
you know enough of it to form some idea of its 
importance $ we shall, ther^re, now proceed to 
the third alkaline earth, magnesia. 

GA&0U[N£« 

I am akeady pretty well acquainted with that 

earth : it is a medicine. 

MRS. B. 

It is in the state of carbonat that magnena is 

usually employed medicinally ; it then differs but 
little in appearance from its simple form, which 
is that of a very fine light white powder. It 
dissolves in 2000 times its weight of water, but 
forms with acids extremely soluble salts. It has 
not so great an attraction lor acids as lime^ and 
consequently yields them to the latter. It is found 
in a great variety of mineral combinations, such 
as slate, mica, amianthus^ and more particularly 
in a certain lime-stone^ which has been dis- 
covered by Mr. Tennant, to contain it in very 
great quantities. It does not attract and solidify 
waler, lito lime: hut wbeo mixed with water 
and exposed to the atmoqiher^ it slowly i^bsQiba 

a* 
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carbonic add firom the latter, and thus loset its 

causticity. Its chief use in medicine Is, like that 
of lime, derived from its readiness to combine 
withy and neutralise the add which it meets with 
in the stomach. 

S1ICII.T. 

Yety you said that it was taken in the s(ate of 
carbonat) in which case it has abeady combined 
with an acid ? 

Yes; but the carbonic is the last of all the acids 
in the order of affinities; it will therefore yield 
the magnesia to any of the others. It is, however, 
frequently taken in its caustic state as a remedy 
for flatidence. Combined with sulphuric acid^ 
magnesia forms another and more powerful medi- 
cine^ commonly called Epsom salt, 

CAROLINE* 

And properly, sulphat of magnesia^ I suppose ? 
Pray, bow did it obtain the name of Epsom salt ? 

ICRS* B* 

Because there is a spcing in the neighbourhood 
of Epsomy which contains this salt in great abun- 
dance* 

The last alkaline earth which we have to men- 
tion is STBOHTiANy or STROHTiTS^, discovered by 
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Dr. Hope a few years ago. It so strongly re- 
Beoibles baiy tes in its properties^ and is so sparingly 
found in nature^ and of so little use in the art% tliat 

it will not be necessary to enter into any particulars 
respecting it. One of the remarkable charac- 
teristic properties of strontites is^ that its salts, 
when dissolved in spirit of wine, tinge the flame of 
a deep red, or blood colour. 
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M1I8.B* 

We may now proceed to tlie acids. Of the 
metallic oxyds, yea bave already acquired some 
general notions* This subject, though highly 
interesting in its details^ is not of sufficient import- 
ance to our concise view of chemistry, to be par« 
ticularly treated of ; but it is absolutely necessary 
that you should be better acquainted with the 
acidS} and likewise with their combinations with 
the alkalies, which form the triple .compouod% 

called NEUTRAL SALTS. 

The class of acids is characterised by very dis- 
tinct properties* They all change blue vegetable 
infusions to a red colour : they are all more or less 
sour to the taste ; and have a general tendency to 
combine with the earths, alkaliea^ and metallic 
cotyds. 

You have, I believe, a clear idea of the nomen- 
.clnture by which the base (or radical) of the acid, 
and the various degrees of acidification, are ex- 
pressed? 

EMILT. 

Yes, I think so; the acid is distinguished byjiie 

VOL. lU S 
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name of its base, and its degree of oxidation, ttiat 
is the quantity of oxygen it containsy by the ter- 
mination of that nanie in out or ics thus sfilphure^ 

ous acid is that formed by the smallest proportiort 
of oxygen combined with sulphur; sulphur/^: acid 
that which results from the combination of sulphur 
trith the greatest quantity of oxygenr 

. lifts, s. 

A still greater latitude may, in many cdses, bsr 
aUowed to the proportions of oxygen that can be 
csombined with acidifiable radicals; for several 
of these radicals are susceptible of uniting with a 
quantity of oxygen so small as to be insufHcient 
to give them the properties of acids; in these 
cases, therefore, they are converted into oxyds. 
Such is sulphur, which, by exposure to the atmo- 
sphere with a degree of heat inadequate to pro* 
duoe inflammation, absorbs a small proportion of 
oxygen, which colours it red or brown. This, there- 
fore, may be considered as a first degree of oxygen- 
ation of sulphur ; the 2d converts it into sulphnre* 
ous acid ; the 8d into the sulphun'c acid; and, 4thly, 
if it was found capable of combining with a still 
larger proportion of os^gen^ it would th^ be 
termed superoan/genaied sidphuric acid* 

EMILY. 

Are these various degrees of oxygenation com- 
mon to all the acids ? 
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MRS. B« 

No; they vary much in this respect: some are 
susceptible of only one degree of oxygenation; 
odien^ of two^ or three; there are but Tery few 
that w3l admit of more. 

CABOLIKS. 

The modern nomenclature must be of immense 
advantage in pointing out so easily the nature of 
the addsy and their various d^;rees of oxygen- 
ation. 

MB8.B> 

Till lately many of the acids had not been de- 
composed ; but analogy afibrded so strong a proof 
of thdor compound nature, that I never could re- 
concile myself to classing them with the simple 
bodies, though this division has been adopted by 
several chemical writers. At present the muriatic 
and the fluoric, are the only acids which have not 
had their bases distinctly separated. 

CAROLINE. 

We have heard of a great variety of acid^; 
pray how many are there in all ? . 

MRS. B. 

I believe there are reckoned at present thirty- 
four, and their number is constantly increasing 
as the science improves; but the most Important, 

e2 
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and those to which yf0 sb^il almost entirely con* 
fine our attention, are bat few* I shall, however, 

give you a general view of the whole ; and then we 
shall more particularly eiutmine those that are the 
most essential. 

This class of bodies was formerly divided into 
mineral, vegetable and animal acids, according to 
the substances firom yfbkk tlwy were cMMoonly 
obtained. 

eAROUNB. 

That, I should think, must have been an excel- 
lent arrangement; why was it altered ? 

MRS. B. 

Because, in many cases, it produced confusion. 
Jhi uriiich dass, for instancy Would you place car- 
bonic acid ? 

CAROLIKE. 

Nowl perceive the difficulty. I should be at a loss 

where to place it, as you have told us that it exisU 
in the animal, vegetable, and mineral kingdoms. 

• EMILY. 

There would be the same objection with respect 
to phosphoric add, which, though ob(i»ned chiefly 

from bones, can also, you said, be found in small 
quantities in stones, and likewise in some plants 

MRS, B. 

You see, therefon^ the^ propnetgr of duuigii^ 
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this mode of classifitation. These objections do 
not exist in the present nnmittidature; ' for the 

composition and nature of each individual acid is 
in some d^ee pointed out^ instead of the class of 
bodies from which it is extracted ; and» with regard 
to the more general division of acids, they are 
classed under these thriee heads : 

Firsl^ Adds of Jui^wq or sapposed simple basesi 
which are formed by the maxm of these btfses* wfidi 
oxygen. They are'tlie following : 



The Sulphuric - 




Carbonic 


* 


Nitric 








Arsenical 


t 


Tungstenic 




Mofybdenic 




Boracic 




Fluoric 




Muriatic ^ 



AcjUsyjcf koflwilBiid fliniple bsses^ 



This class comprehends the most anciently known 
and most important acids. The salphutic, 'nitric, 
alid muriatic, were formerly, and are still frequently, 
called ?nineral acids. 

2dly, Acids tliat have double or binary radicals, 
and which consequently consist of triple combin- 
ations. These are the vegetable acids, whose com- 
mon radical is a compound of hydrogen and carbon. 

8 3 
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CAROLINC. 

But if the basis of all the vegetable acids be the 

some, it should form but one acid ; it may indeed 
combine witti different proportions of oxygen, but 
the nature of the acid must be the same. 

The only difference that exists in the basis of 
vegetable acids, is the tarious proporrions of 
hydrogen and carbon from which they are severally 
composed. But this is enough to produce a num- 
ber of acids apparendy very dissimilar* That 
they do not, however, differ essentially, is proved 
by their susceptibility of being converted into each 
other, by the addition or subtraction of a portion 
of hydrogen or of carbon. The name« of these 
acids are^ 

Acetic 1 



Tartarous 

Citric 

Malic 

Gallic 

Mucous 

JBenzolc 

Succinic 

Camphoric 

Suberic 



Acids, of double bases, being of 
v^tabk origin* 
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The 3d class of acids consists of those which 
have triple radicalsy and are therefore of a still more 

compound nature. This class comprehends the 
animal acids, which ar% 

Tbel^fi; 

Prnssic 
Formic 
BiJimbic 
Sehacic 
Zoonic 
lAthic 

I ha^e given you this summary account or enu* 
ineration of the acids^ as you may find it more 
satisfactory to have at once an outline or a general 
notion of the extent of the sulgect; but we shall 
now confine ourselves to the first class, which 
requires our more immediate attention ; and defer 
the few remarks which we shall have to make on 
the others, till we treat of the chemistry of the 
animal and vegetable kingdoms. 

The adds of simple and known radicals are in 
most ipstances capable of being decomposed by com- 
bustible bodies, to which they yield their oxygen. 
If, for instance, I pour a drop of sulphuric acid on 
this piece of iron^ it will produce a spot of rust; 
^00 know what that is? 

% 4 



, Acids, of triple bases, or animal 
adds. 
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GABOLIKE. 

Yes ; it is an oxyd, formed by the oxygen of the 
add combiniDg widi the iron* 

In this case you see the sulphur deposits the 
oxygen by which it was acidified on the metal. 

And again, if we pour some acid on a compound 
combustible substance, (we shall try it on this piece 
of woody) it will combine with one or more of the 
constituents of that substance, and occasion a 
decomposition. 

EMILY. 

It has changed the colour of (he wood to black. 
How is that? 

• • • ■ 

MRS. B. 

Tiie oxygen deposited by the acid has burnt it ; 
you know that wood in burning becomes blac^c 
before it is reduced to ashes. Whether it derives 
the oxygen which bums it from the atmosphere, 
or from any other source, the chemical effect on 
the wood is the same. In the case of real combus^ 
lion, wood becomes black, because it is reduced to 
the state of charcoal by the evaporation of its other 
constituents. But can you tell me the reason why 
wood turns black when burnt by the application of 
anacul? * 
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. First) tell me wjbi^t are the iogredients of wood ? 

Hydrogea and carbon are the cbief constitiitc^ 
of woody as of aU other vegetable substances. 

Well, then, I suppose that the oxygen of the? 
add combhies with the hydrogen of ike wood, to 
ferm water; Bod tibat tb^ Catbon of the wood,' 

remaining alone, appears of its usual black colour. 

Very wcU indeed, vaj dasr ; that is oertainly the 
most plausible explanation. 

XMILT* 

Would not this be a good method of making 
diarcoal? 

MRS. B. 

It would be an extremely expensive and, I 

believe, very imperfect method; for the action of 
the acid on the wood, and the heat produced by it, 
are far from sffffident to depiiTe the wood of all- 
its evaporable parts. 

. What is the reason that vinegar, lemon, and the 
a^id of fruits^ do not produce this e&et aa wood? 

£5' 
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IIRS. B. 

They are vegelaUe acids, whose tiases ai^ am^ 

poaed of hydrogen and carbon ; the oxygen, there- 
fore, will not be disposed to quit this radical^ where 
it is abready united with hydrogen. The strongest 
of these may, perliaps, yield a little of their oxygen 
to the wood, and produce a stain upon it: but the 
carbon will not be sufficiently uncovered to assume 
Its black colour. Indeed, the several mineral adda 
themselves possess this power of charing wood in 
very different d^rees. 

SMILT. 

Cannot vegetable acids be decomposedi by any 
combustibles ? 

MRS. B. 

No; because their radical is composed of two 
substances which have a greater attraction for oxy^ 

gen than any known body. 

GABOLIKS. 

And are those strong adds^ which bum and 
decompose wood, capable of producing similar 
efiects on the skin and flesii of animals ? 

MRS. B. 

Yes ; all the mineral adds^ and one of them 
more espedally, possess powerful caustic quali- 
ties. They actually corrode and destroy the 
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skin and flesh; but they do not produce upon 
these exactly the same alteration they do on woodf 
probably because there is a great propordon of 
nitrogen and other substances in animal matter, 
which prevents the separation of carbon from 
being so conspicuous. 
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GONVEESATION XVII. 

OF THE SULPHURIC AND PHOSPHORIP ACIDS; OR 
THE COMBINATIONS Of OXYGEN WUU SULPUUIL 
AND PHOSPHORUS ; ANO OF THE 8ULPHATS AND 
PHOSPHATS. 



Ik addition to the general survey which we have 
taken of acids, I think jou will find it interesting 
to examine individually, a few of the most impor- 
tant of them, and likewise some of their princi- 
pid combinations with the alkalies, alkaline earths, 
and metals* The first of the acids, in point of 
importance, is the sulphuric^ formerly called oil of 

CAROI*TN£« 

I have known it a long time by that name, but 
had no idea that it was the same fluid as sulphuric 
acid. What resemblance or connection can there 

be between oil of vitriol and this acid ? 

MRS. B. 

Vitriol is the common name for sulphat of iron, 
a salt which is formed by the combination o^ sul- 
phone add and iron; the solphuiic acid was for» 
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inerly obtained by dislillation from ihU wtitf wad 
k very nattmilfy received ito iMune from Ae mokh 
•ICDce which afibrded it. . 

CAROLINE. 

Bot it is Still usually called oil of vitriol ? 

MRS. B. 

. Yes; a sufficient length of time has not yet 

elapsed, since the invention of the new nomencla- 
turcy for it to be generally disseminated ; but, aft 
it is adopted by all scientific chemists, there is 
every reason to suppose that it will gradually be- 
come universal. When I received liiis bottle from 
the chemists, oU ^ viiiicl was inscribed on the 
label; but, as I knew you were very punctilious in 
regard to the nomenclature, I changed it, and sub* 
stituted the words sidphuric acid. 

£MILy» 

This acid has neither colour nor smell, but it 
iq;>pears much thicker than mter. 

HB8.B. 

It is nearly twice as heavy as water, and has, you 
see^ an oily consistence* 

CAROLINR. 

• • . . . • 

And it is probably from this circumstance that 
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it has been called an cil ; £Mr it can have no real 
daim to that nam^ as it does not contain eitliar 

bjdrogen or carboD| which are the essential con- 
stituenU of oil, ' 

MRS. B. 

Certainly ; and therefore it would be the more 
absurd to retain a name which owed its origin to 
such a mistaken analogy. 

Sulphuric acid, in its purest state, would pro- 
bably be a concrete substance, but its attraction 
£>r water is such, that it is impossible to obtain 
that acid perfectly free from it; it is, therefore, 
always seen in a liquid form, such as you here 
find it. One of the most striking properties of 
sulphuHc acid is that of evolving a considerable 
^uanuty of heat when mixed with water; this I 
have already shown you. 

£MII«Y. 

Yes, I recollect it : but what was the degree of 
heat produced by that mixture ? 

MBS. B. 

The thermometer may be raised by it to 300 
degrees, which is considerably above the tempei:a-* 
ture of boiling water. 

GABoums. 

Then water might be made to boil in that mix- 
ture? . - ' 
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• Nothing more easy, provided that you employ 
sufficient quantities of acid and of water, and in 
the due proportions. The greatest heat is pro- 
duced by a mixture of one part of water to four of 
the acid : we shall make a mixture of these propor- 
tions, and immerse in it this thin glass iuhe, which 
k fidl of water. 

CAROUNB. 

The vessel feels extremely hot, but the water 
does not boU yet. 

MRS. B. 

You must allow some time for the heat to penei* 
trate the tube, and raise the temperature of the 
water to the boiling point ^ 

CAROLINE. 

Now it boils— and with increasing viol^oe» 

IjlRS. B. 

But it will not continue boiling long; for the 
mixture gives out heat only while the particles of 
' die water and the acid are mutually penetratbg 
each other: as soon as the new arrangement of 
these particles is effected^ the mixture wiU gradtt« 
tjlj coolf and the water return^ to its $»!mer.tem* 
perature. 

Yqu have seen the manner in which sulphuric 
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acid decomposes all cembuatible substancesi wbe« 
ther animals vcgttabk^ or miaearaly afld.biiniB th^m 
by fieans of its oxygen ? 

CAROLINE. 

I have very umntentionallj repeated the csq^^i^ 
ipent on my gown, by letting a drop of the Mid 
ML upon iif and it bas made a stain> wfaldit I.&upr. 
pofl^ will never wash out. 

MBA* S» 

* - • 

No^ certainly ; for before you can put it into 
water, the spot will become a bole^ as die acid has 
literally burnt the muslin* 

CAROLINE. . ' • 

So it has indeed I Well, I will fasten the stop- 
per, and put the bottle away, for it is a dangerous 
substance. — Oh, now 1 have done worse still, for 
I have spilt eome on my hand t 

urns* flu 

: It is then burned, as wdl as your gown, for you 
know that oxygen destroys animal as well as v6ge< 
table ttHHdr ; and, as far as the decomposition of 
the «kin of your finger is e£Pected, there is no 
Mm&ijt bvit by washmg it immediate^ in watei^ 
ymwifl^tatbd-addt and fvemit ray fbrth^r 
injury. 
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CAROLINE. 

It feds extrandy hot, 1 atiare jihiu 

MRS* S« 

You have now learned, by experieDcey how 
cautiously this acid must be used. You will soon 
become acquainted with another acid, the nitric, 
which, though it produces less heat on the skinf. 
destroys it still quicker, and makes upon k an in«. 
delible stain. You should never handle any sub- 
stances of this kind, without previously dipping 
your fingers in watery which will wmkm their 
caustic eifeets. But, since you will not repeat the 
experiment, I must put in the stopper, for the acid 
attracts the moisture from the atmosphere which 
would dssCipy its strength and purity* 

£M1LY. 

Fray, how can sulphuric acid be extracted from 
^Iphat of iron by disdUation ? 

MRS. B» 

The process of distillation, you know, consists, 
in separating substances from one another by meant 
of their different degrees of yolatility, and by the 

introduction of a new chemical agent, caloric. 
Thus, if sulphat of iron be exposed in a retort to, 
a proper degree of heat, it will be decompoaedy and 
Ui^ sulphuric acid wil^be. volatilized. ^ 
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EMILY. 

But now that the process of formbg acids by the 
combustion of their radicals is known, why should 

not this method be used for making sulphuric 
acid ? 

Mrs* b» 

This is actually done in most manufactures; but 
the usual method of preparing sulphuric acid does 
not consist in burning the sulphur in oxygen gas 
(as we formerly did by way of experiment), but 
in heating it together with another substance, 
nitre^ which yields oxygen m sufficient abundance 
to render the oombnstion in common air rapid and 
complete, 

CAROLINE. 

This substance^ theni answers the same purpose 
as oxygen gas? 

Exactly. In manufactures the combustion is 
performed in a leaden chamber, with water at the 
bottom, to receiye the vapour and assist* its con- 
densation. The combustion is, however, never 
so perfect but that a quantity of sulphureous acid 
is formed at theaametime; for you recollect that 
the snlphureoiis acid, according to the chemical 
nomenclature, differs from the sulphuric only by 
containing less oxygen. 

From its own powerfiil properties, and from the 
various combinations into which it enters^ suU 
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phuric i^cid is of great importance in many of the. 
arts* 

It is used also in medicine in a state of great 
dilution ; for were it taken internally, in a con- 
centrated state, it would prove a most dangerous 
poison. 

CAROLINE. 

I am sure it would bum the throat and stomach. 

MRS. B. 

Can you think of any thing that would prove 
an^tidote to tb^ poison ? 

CAROLINE. 

A large draught of water to dilute it. 

JfB8. B. 

That would certainly weaken the caustic power 
of the acid, but it would increase the heat to an. 
intderable degree. Do you recollect nothing that 
would destroy its deleterious properties more 
effectually ? 

EMILY. 

An alkali mighty by cambining with it) but^ 
then^ a pure alkali is itself a pdisont on am>imt of 
its causticity^ 

MRS. B. 

There is no Qecessity that the alkaU should b^ 
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cmstic Soapf in which it it ocmibined with oil; 

or magnesia, either in the state of carbonat, or 
lAixed with watery would prove the best antidote. 

« 

EMILY. 

In those cases then, I suppose, the potash and 

the magnesia would quit their combinations to 
^ form salts with tlie sulphuric acid ? 

Precisely. 

We may now make a few observations on the 
sulphureota acid, which we have found to be the 
piodnct of sulphur slowly and imperfectly burnt. 
This acid is distinguished by its pungent smelly 
and its gaseous form. 

CAUOLINE. 

Its aeriform state is, I suppose, owing to the 
sbalier proportion of oxygen, which renders it. 
lighter than sulphur^ acfd ? 

MRS. B. 

Probably ; for by adding oxygen to the weaker 
acid, it may be converted into the stronger kind. 
But this change of state may also be ocmaeded 
with a change oTaflfaitly widi r^rd to caloric 

EMILY. 

And may sulphureous acid be obtained tnm 
sn^hiiric add by a diminutioo of es^jgeii ? • • ^ 
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Yes ; it can be done by bringing any combusti- 
ble substance in contact with the acid. This d«* 
composition is most easily performed by some of 
the metals; these absorb a portion of the oxygen 

from the sulphuric acid, which is thus converted 
into the sulphureous) and flies off in its gaseous 
form. 

CAROLTNB. 

And cannot the sulphureous acid itself be de- 
composed and reduced to sulphur ? 

MBS* B. 

Yes; if this gas be heated in contact with diaff!- 

coal, the oxygen of the gas will combine with it, 
and the pure sulphur will be regenerated. 

Sulphnreous acid is ^readily absorbed by water; 
and in this liquid state it is found particularly nse- 
ful in bleaching linen and woollen cloths, and is 
much used in manufactures for those purposes. I 
can show you its effect in destroying eolours, by 
taking out vegetable stains — I ihhik I see a spot 
on your gown, Emily, on which we may try the 
experiment. 

EMILY. 

It is the stain of mulbeuies ; bni I. shall be 
.almost afraid of exposing my gowa to the expcari- 

ment, after seeing the effect which the sulphuric 
apd produced on that of Caroline 



Digitized by Google 



94 



6r HUB sttmtSMotjB Aa0# 



MRS. B, 

lli.ere is no such danger from th? sulphttreoug i 
but the experiment must be made with great cau- 
tion, for during the formation of sulphureous acid 
by combustioD, there is always some sulpburiq 
produced. 

CAROLIME. 

But where is your sulphureous acid ? 

MRS" n« 

We may easily prepare some ourselves, simply 
by burning a match ; we must first wet the stain 
with water, and now hold it in this way, at a little 
distance, over the lighted match : the vapour that 
arises from it is sulphureous acid, and the stain, 
you see, gradually disappears. 

SMILY. 

I have frequently taken out stains by this means^ 
without understanding the nature of the process. 
But why is it necessary to wet the stain before it 
is exposed to the acid fumes ? 

MRS* B. 

The moisture attracts and absorbs the sulphure- 
ous acid; and it serves likewise to dilute any 
particles of sulphuric add whidi might injure the 
linen. 

Sulphur appears to be susceptible of a third eoni- 
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bidation with oxygen, in which the proportioli of 

the latter is too small to render the sulphur acid. 
It acquires this slight oxygenation by mere expo* 
rare to the atmosphere^ without any application of 
heat t in thie case, the sulphur does not change its 
natural form, but is only discoloured, being 
changed to red or brown, a state in which it may be 
considered as an oxyd of sulphur. 

Before we take leave of the sulphuric acid, we 
shall say a few words of its principal combinations. 
It wiites with all the alkalies» alkaline earths and 
metalfli to form compound salts. 

CABOLI27B. 

Pray, give me leave to interrupt you for a 
moment : you have never mentioned any other salts 
than the compound or neutral salts ; is there no 
other kind? 

The term soli has been used, from time imme- 
morial, as a kind of general name for any sub- 
stance that has savour, odour, is soluble in water^ 
and crystallisabl^ whether it be of an acid, an 
alkaKne, or compound nature ; but the compound 
salts alone retain that appellation in modern che- 
mistry. 

Tlie most important of the salts, formed by the 

combinations of the sulphuric acid, are, first, std^ 
phot of potash^ formerly called scd pdycArest ; this 
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18 a very bitter salt, much used in medicine ; it is 
found io the ashes of most vegetables^ but it may 
be prepared artificially by the immediate combi- 
nation of sulphuric BtMi and potash. This salt is 
easily soluble in boiling water. Solubility is, indeed, 
a property common to all salts; and they alvaya 
produce cold in melting. 

EMILY. 

That must be owing to the caloric which they 
absorb in passing from a solid to a fluid form* 

> ]fAS.B. . 

That is^ certunly, the most probable explana* 
tion. 

Sulphat qf, Soda^ commonly called Glauber's 
salty is another medicinal salt» which ia still more 
bitter than the preceding. We must prepare 
some of these compounds, that you may observe 
the phenomena which take place during their 
Ibrmation. We need only pour sonie suTphuric 
acid over the soda which I have put into this glass. 

CAROLINE. 

What an amazing heat is disengaged 
diougbt you said that cokl was produced by the 

melting of salts ? 

MRS.B. 

, But yoq must ofasme lint mm wmmMig^ 
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i|ol melimg a sdt Heal is diMfigiged diaring the 
formation of compound salts, and a fiunt light is 
also emittedf wluch may sometimes be perceived in 
the dark* ( 

XMILT. 

And is this heat and light produced by the 
union of the opposite electridtiet of the alkali and 
t^eacid?. 

MRS* B* 

No doubt it isi if that theory be true. 

CAROUHE. 

The union of an acid and an alkali is then an 
actual combustion? 

MBS. B. 

Not precisely, Aoagh iheie is certainly much 
analogy, in these processes, 

CAROLINE. 

Will this sulphat of soda become solid ? 

MB6.B* 

We have not, I suppose, mixed the acid and 
the alkali in the exact proportions which are rc- 
qpumi for the fimnatioa of the saltf otherwise 
the mi Blnre would have been ahuost inunediirtdy 
changed to a solid mass ; but, in order to obtain it 
in crystal% as you see it in this bottle^ it would- 
bfs neaesiary ifirst to dilute it with watm and afterii' 

VOL. II. F 
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4lti0li the salt would gradually crystallise. 

CAROLINE. 

But of what use is t)ie mUition of water, if it ia 
afterwards to be mpoiBfeed? 

When suspended in water, the acid and the 
alkali are more at liberty to act on each pther, th^ 

union is more complete, and the salt assumes the 
r^lar form of cryatala^ duriog the slow evapor* 
Htlon of its solyent. . . * , 

Sulphat of soda liquefies by heat, and efibreaces 
in the air. 

EMILT. 

' Pray what is the meaning of the word efflof*escest 
I do not recollect your having mentioned it before! 

' Mas. B. ' 

A salt is said to effloresce wiien it loses its water 
of crystallisation on being exposed to the atmo-. 
q)berf^ and is thus graduaJly co^iYerted into a dry . 
powder; you may observe that these crystals of 
sulphat of soda are far from possessing the traus-^ 
pareney which bel<H^ to their crystaUioe stale; 
they are covered with a white powderi oooasioned 
l}y their having been exposed to the atmospher%i 
«^<^. Im dlH^iv^^ th^ sur^ pf its liisMr% iy 
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•biOKbii^ Hs Mtcr of crysUdlhatianu £Uts tete^ 

in general, either efflorescent or deliquesceiit • this 
latter property is precisely the reverse of the for- 
mer; lliat 18 to say, deliquescent salts absorb wate» 
from the atmosphere, and are moistened and gra« 
dually melted by it. Muriat of lime is an instance 
of great deUqaescence. 

SMILT* 

But are there no salts that have the same degree 
of attraction for water as the atmosphere and that 
wiH cooseqacQtly not be aflbcted by it? 

MBS. B. 

Tes4 ikete are arany sndi salts, as, for instance^ 
common salt, sulphat of magnesia, and a variety of 
others. 

Sud^ttt ^ Ume is very frequently met with in 
nature, and constitutes the well-known substance 
called gi/psum^ or plaster of Paris. 

Sulphat of magnesiOf commonly called Epioni 
stdif h another very bitter medicine, which is 
obtained from sea-water and from several springs, 
or may be prepared by the direct combination of 
its ingrediflDts. 

We have formerly mentioned stdphat qf alumine 
as constituting the common alurrii it is found ii^ 
Baftare chiefly in the neighbourhood of volcanoes^ 
V if ' paiticuhrly usefol in the arls^ firbnt in 
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ationg astringent qnalkicf. It is chkAy mpkfed 

by dyers and calico-printers, to fix colours ; and 
is used also in the manufacture of some kinds of 
leather. - 
Sulphuric acid coanbinii also with ike metals;'':'. 

* * 

> « 

caholike. 

One of these pombimitionsy Sdphat qf ironf we 
are already wdl acqiudnted with. 

MRS. B. 

That is the most important metallic salt formed 

by sulphuric acid, and the only one that we shall 
here notice. It is of great use in the arts ; and, 
ill medicine^ it affinds a very faluablei tonic: it ia. 
of this salt that most of those preparations call^ 
steel medicines are composed. 

CAROLINE. 

But does any carbon enter in(o these cQmposi- 
ti(ms to form . steel ? 

MBS. B. 

Not an atom : they are, therefore, very improN.; 
perly called steel: but it is the vulgar appdla^'on^^ 
and medicd men themselves often comply with the« 
general custom. 

Sulphat of iron may be prepared, as you have 
teeHf by dissolving iron in sulphnrio add ; but-it 
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is generally obtmned from the natural production 

called Pyrites^ which being a sulphuret of iron, 
r^uires only exposure to the atmosphere to be 
oxydatedt in order to form the salt; thi% thm- 
fore, is much the most easy way of procuring it on 
a large scale. 

BMILT* 

I am surprised to find that both adds said com- 
pound salts are generally obtained firom their va- 
rious combinations^ rather than from the immediate 
union of their ingredients. 

MII8.B* 

« Were ^e rimple bodies always at hand5 their 

combinations would naturally be the most conve- 
nient method of forming compounds; but you 
must consider that» in most instancesi there is great 
difficulty and expense in obtaining the simple in* 
gredients from their combinations ; it is therefore^ 
cfften more ezpedient to procure compounds front 
the decomposition of other compounds. But) to 
return to the sulphat of iron. — There is a certain 
vegetable acid called Gallic acid, which has the re* 
nmrkaUe property of precipitating thb salt black — 
I tliall pour a few drops of the gallic acid into this 
solution of sulphat of iron — 

CAROLINE. 

It ia become as black at ink 1 

p S 
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% And it is ink in reality. Common writing ink 
is 8 precipitate of sulphat of iron by gallic acid ; 
the Uaek colour is owing to the formation of gallat^ 

of iron, which being insoluble) remains suspended 
in the fluid. 

This acid has also the property of altering the 

colour of iron in its metallic state. You may fre- 
quently see its effect on the blade of a knife,, that 
)ias been used to cut certain kinds of fruits« 

CAROLINE. ^ ' 

True ; and that is^ perhaps, the reason that a 
sHyer knife is preferred to cut fniitB ; the gallic «cid» 
I suppose, does not act ppon silv^* — Is this acid 

found in all fruits? - : • . 

* 

MRS. B. 

It is contained, more or less, in the rind of most 

fruits and roots, especially the raddish, which, if 
scraped with a steel or iron knife, has its bright 
red colour changed to a deep-porple, the. knife 
being at the same time blackcnedl But the vege- 
table substance in which the gallic acid most 
abounds is ntUgaU^ a kind.of excrescence that grows 
on oaks, and from which the acid is commonly 
obtained for its various purposes. 
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MRS* B* 

We now come to the phosphoric and phos- 
phorus ACIDS. In treating of phosphorus, you 
have seen how these acids may be obtained from, it 
by combustion. 

RMI». 

Yes: but I should be much surprised if it was 
the usual method of obtaining them, since it is so 

very difficuU to procure phosphorus in its pure 
state. 

You are right, my dear; the phosphoric acid^ 
for general purposes, is extracted from bones, in 
which it is contained in the state of'phosphat of 

lime : from this salt the phosphoric acid is separated 
by means of the sulphuric, which combines with 
tite lime. In its pure states phosplioric acid is 
either liquid or solid, according to its dc^ee of 
. concentration. 

Among the salts formed by this acid, phasphat ^ 
lime is the only one that affords much interest ; and 
this, we have already observed, constitutes the 
basis of all bones* It is also found in very small 
quantities in some vegetables. 

• ft 
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CONVERSATION XVIII. 

OF TH£ NITRIC AMD CABBOHIC ACIDS : OR XUR 
COMBINATIONS OF OXTGSN WITH NITROOEK 
AND CARBON ; AND ,OP THE NITRATB AND CAR* . 
B0NAT8. 

ICRS* B«, 

I AM alroofit afraid of introducing the subject of 
the NITRIC ACID, as I am sure that I shall be 
btained by Caroliiie jfor aol havhig made ber ac* 
guainted with it before. 

CAROLINE. 

Why 80^ Mrs. B.? 

* MRS. B. 

• Because you have long known its radical, which 
is nitrogen or azote ; and in treating of that ele- 
ment, I did not even hint that It was the basis of an 
acid* 

CAROLINE. 

And what could be your reason for not mention- 
ing this acid sooner ? 

I do not know whether you will think the reason 
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sufficiently good to acquit me ; but the omission, 
I assure you, did not proceed fiotn negligence* 
Yott may. reooUect thai nitrogen was one of the 
4rtt ample bodies which we examined ; yon were 
then ignorant of the theory of combustion, which I 
believe wasi for the first time, mentioned in that 
lesson; and therefore it would have been in vain, 
at that time, to have attempted to explain the nature 
and formation of acids. 

CAROLINE. 

I wonder, however, that it never occurred to us 
to inquire whether nitrogen conld be acidified: 
for, as we knew it was 'dassed among the combus* 

tible bodies, it was natural to suppose tliat it might 
produce an acid. 

MRS. B. 

That is not a necessary consequence: for it might 
combine with oxygen only in the degree requisite 
to form an oarjrd. Bat you will find that nitrogen 
is susceptible of various degrees of oxygenation, 
some of which convert it merely into an.oxyd, and 
others give it all the add properties. 

The acids, respiting from the oombinaCian of 
oxygen and nitrogen, are called the nitrous and 
NITRIC acids. We will begin with the nitric^ ini 
which nitrogen is in the highest state of oxygen- 
atiour This acid has so powerful an attraction for 

f5 
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water that it has never been obtdided perfectly free 
from it. But water may be so strongly impreg- 
nated with it as t<> torn im rooeedingly powerfal 
acidsdutioiL Hereisabottleof dusacid^whidif 

you see^ is quite limpid. 

CAROLINE. 

* * 

'What a strong offimsiye smell it has I 

MRS« B* 

This acid contains a greater abundance of oxy- 
gm than any other; but it retains it with very little 
force. 

' EHILT. 

Then it must be a powerful caustic, both from 
the &cility with which it parts with its oxygeUi and 
the quantity which it affords. 

Very well, Emily; both cause and effect are 
exactly such as you describe; nitric acid burns 
and destroys all kinds of organised matter* It 
even sets fire to some of the most combustible sob* 
stances. — We shall pour a little of it over this 
piece of dry warm charcoal^ you see it inflames 
it immediately: it would do the same with oil of 
turpentine, phosphorus, and several other very 
combustible bodies. This shows yoo bow easOy 
this add is deconiposed by comSmlMc bodies. 
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lince UiMe effiecto must dfi|iend.upoa ihoabfiorptum 
0f its OKygen* 

Niuic acid lias been used in the arts from time 
immemorial ; but it is only within these twenty- 
fire years that its chemical nature has been ascer- 
tained. The celebrated Mr. Cavendish discovered 
that it consisted of about 10 parts of nitrogen and 
25 of oxygen.* These principles^ in their gaseous 
states comlnne at a high temperature; and thb 
may be effected by repeatedly ptossing the electrical 
spark through a mixture of the two gases. 

The nitrogen and oxygen gases,, of which the * 

atmosphere is composed, do not combine, I sup- 
pose, because their temperature is not sufficiently 
elevated. 

CAROLINE. 

But in a thunder-storm, when the lightning re^ 
peatedly passes through them^ may it not produce 
nitric add ? We shotdd be in a strange situation, 
if a violent storm should at once.couvert tke 9imo^ 
j|diere into nitric acid. 

w as. B. . 

There is no danger of it, my dear; the light- 
ning can afiect but a very small portion of the 

* The proportion stated by Sir H. Davy» in hit Chemical 
Researcbei^iias lio s.9as. \'' :i 

v6 
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«tmoaplier^ and tiiougb it were oeeeaionally to 

produce a little nitric acid, it never could happen to 
sach an extent at to be perceivable. 

SMILT. 

But how could the nitric acid be known, and 
niedf before the method of combining its comtir 
tnenti was difoovmd ? 

1IB8.B* 

Previoua to that period the nitric acid was ob* 
tainedf and it is indeed still extracted, for the 

common purposes of art, from the compound salt 
which it forms with potashy commonly called niirem 

CABOIIKI. 

Why is it so called? Piayt Mrs. B., let these 
oU Unmeaning names be entirely given up, by us 
at least; and let us call this salt nitrat of potash^ 

MRS* B« 

* Widi all my heart; but it is oeoessaiy that I 
sbonld, at least, mention the old names, and more 
especially those which are yet in common use; 
cdierwise^ whcai you meet with them, you would 
not be able to understand their meaning. 

e - 

EMILY. 

And bow is the acid oMaed fim tfM^ > 
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" By the intervention of sulphuric acid, which 
combines with the potash^ and sets the nitric acid 
at liberty. This I can easily show you, 1^ mixing 
some nitrat of potash and sulphuric acid in this 
retort, and heating it over a lamp » tlie nitric acid 
wiU come over in the form of vapour, vrbich wf 
shall collect in a glass belt. This acid, diluted in 
water, is commonly called aqua fortis^ if Caroline 
will allow me to mention that name. 

CAROLINE. 

I have often heard that aqua fortis will dissolve 
almost aU metals ; it Is no doubt because it yields 
its oxygen so easily. 

MRS. B. 

Yes; and from this powerful solvent property, 
it derived the name cS aqua fortis^ or strong water. 

Do you not recollect that we oxydated, and afcer« 
wards dissolved, some copper in this acid ? 

. ; £MILY. 

If I remember right, the nitrat of copper was 
the first instance you gave us of a compound salt. 

CA^LIN£. 

Can the nitric acid be completely decomposed 
and converted into nitrogen and oxygen ? 
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That cannot be the case, Caroling; since the 
acid can be decomposed only by the eomUiiatioii 
of its constituents with other bodies.. 

MRS* B* 

True ; but caloric is sufficient for this purpose. 
By making the acid pass through a red hot porce* 
lain tube^ it is decomposed; the nitrogen and 
oxygen regain the caloric which they had lost in 
combining, and are thus both restored to their 
gaseous state* 

•The nitric acid may also be partly decomposed, 
and is by this means converted into nitrous 

ACID* 

CAROLINE. 

This convertton must be easily effected, as tiie 
oxygen is so slightly combined with the nitrogen. 

• • • * • ^ 

MRS* B« 

The partial decomposition of nitric acid is rea- 
dily effected by most metals ; but it is sufficient to 
jexposc the nitric add to a very strong light to 
make it give out oxygen gas, and thus be converted 
into nitrous add* Tina latter acid appears in 
various degrees of strength, according to the pro* 
portions of nitrous acid gas and water of which it is 
composed; the strongest is of a yellow colour^ as 
you see in diis bottle. 
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CAROLINE. 

How it fumes when the stopper is taken out ! 

MRS. B* 

The acid exists naturally in a gaseous stat^ and 

is here so strongly concentrated in water, that it is 
constantly escaping. 

Here is another bottle of nitrous acid, whicb^ 
you see^ is of an orange red ; this acid is weaker, 
that is, contains a smaller quantity of the acid gas; 
and with a still less proportion of the gas it is of an 
olive-green colour, as it appears in this third bottle. 
In short, the weaker the acid, the deeper is its 
colour. 

MitrooB acid acts still moiB powerfully on some 
inflammable substances than the nitric. 

SMILT. 

I am surprised at that, as it contains less oxygen. 

1I1I8.B» 

But, on the other hand, it parts with its oxygen 
mndi more readily : you nday recollect that we 
Mice inflamed oil with this acid. 

The next combinations of nitrogen, and oxygen 
form tmly oxyds of nitrogen, the first of which is 
commonly called nitrous airg or more properly 
nitric oxyd gas. This may be obtained from nitric 
kcid, by exposing the latter to the action of metals^ 
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as in dissolving them it does not yield the whole 
of its oxygen^ but retains a portbn of tliisprinci^te- • - 
sufBcfent to convert it into this peculiar gas, a spe- • 
cimen of which I have preparedf and preserved 
within this inverted glass belL 

It is a perfectly invisible elastic fluid. 

MRS. B. 

Yes ; and it may be kept any length of time in 
this manner over water, as it is not, like the nitric 
a^d nitrons acids^ absorbable by il« It is rather 
heavier than atmospherical air, and is incapable of 
supporting either combustion or respiration* I am 
going to indne the glass gently on one side^ so as 
to let some of the gas escape-** 

SMILT. 

How very curious ! — It produces orange fumes 
like the nitrous acid ! that is the more extra- 
ordinary, as the gas within the glass is perfiictly 
invisible. 

Mas. B. 

It would give me much pleasure if you could 
make out the reason of this curious change with- 
out x^ttiring any further ezfilanation. • * • • 

CABOLINB. . ■ ^ 

It seems^ by the colour and smelly as if it were ^ 
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conmlfifl into nilvotui «oid gas ; yet' that eannot be^ 
ttnlM it combines with more oyygen ; and how can 
it obuia oxygen the very instant it escapes from 
the^M? 

From the atnuo^her^ no doubt* Is it not so, 
Mrs. B. ? 

lfR8.ll. 

You have guessed it; as soon as it comes in 
contact with the atmosphere it absorbs from it 

the additional quantity of oxygen necessary to 
convert it into nitrous acid gas. And» if 1 now 
reuKMre the bottle entirsly ftom the mter* so as to 
bring at dm the whole of the gas imo contact 
with the atmosphere^ this conversion will appear 
still more striking — 

' Lookf Carc^ney the whole capacity of the bottle 

is instantly tinged of an orange colour I 

MRS. B. 

Thus, you see^ it is the most easy process im- 
aginable to convert nitnm oajfd gas into nitrous 
add gas. The property of attracting oxygen from 
the atmosphere, without any elevation of temper- 
aturcy has occasioned this gaseous oxyd being used 
as a test for ascertainii^ the degree of purity of 
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the atmosphere* I sm g/cAng to sboir ym how it 
u applied to this purpose. ~ Yon see Ibis gmdii* 

ated glass tube, which is closed at one end, (I^laxe 
X. %• 2.) — I first M it with water, and then in* 
troduce a certain measure of nitrous gas, which, 
toot being absorbable by water, passes through it, 
and occupies the upper part of the tube. 1 must 
now add rather above two-thurds of oxygen gas, 
which will just be sufildent to convert the nitrous 
oxyd gas into nitrous acid gas* 

CAEOLlNE* 

So it has ! — I saw it turn of an oiange colour; 
but it im me diately afbrWards disappeared entirely, 
and the water, you se^ has risen, and almost filled 
the tube, • 

That is because the acid gas is absorbable by 
water, and in proportion as the gas impregnates 
the water, the latter rises in the tube. When the 
oxygen gas is very pure, and the required propor* 
tion of nitrous oxyd gat very ^cact, the whole is 
absorbed by the water ; but if any other gas be 
mixed with the oxygen^ instead of combining with 
the nitrous axyfgsa^ it will remain and. ocwpy the 
upper part of the tube; or if the gases be not jn 
Ae due pi-opor tion, there will be a residue of that 
which predominates 7— Before we leave this sul^^fitf 
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I must not forget to remark that nitrous acid may 

be formed by dissolving nitrous oxyd gas in nitric 
acid. Tliis solution may be effected simply by 
making bubbles of nitrous oxyd gas pass through 
nitric acid. 

£MILT# 

Tliat is to say, that nitrogen at its highest degree 

of oxygenation^ being mixed with nitrogen at its 
lowest degree of oxygenation^ will produce a kind 
of intermediate substance^ which is nitrous acid. 

MRS. B. 

You have stated the fact with great precision* 
There are various other methods of preparing 
nitrous oxyd, and of obtaining it from compound 
bodies; but it is not necessary to enter into these 
particulars. It remains for me only to mention 
another curious modificatioo of oxygenated nitro* 
gen, which has been distinguished by the name of 
gaseous oxjfd qf nitrogen. It is but lately that this 
gaa has been accurately examined, and its proper* 
ties have been inimtigated chiefly by Sir H« Dttvy* 
It has obtained also the name of exhilarating gas, 
from the vctry singular property which that gentle*^ 
man has disQOTcred in it^ of elevadng the ani« 
mal spirits, when inhaled into the lungs, to a 
degree sometimes resembling delirium or intoxica* 
• tlon. 
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CAR<»LIME« 

li it irespiraU^ then ? 

MRS* 

• 

It can scarcely be called respirable, as It would 
not support life for any length of time; but it may 
be breathed for a few moments without any other 
eflects than the singular exhilaration of spirits I 
have just mentioned. It affects different people, 
however. In a Veiy different manner. Some be* 
come tioleni, even onthigeons; others experi^ce 

a languor, attended with faintness; but most agree 
in opinion, that the sensations it excites are ex* 
tremely (deasaHI. 

CAROLINE* 

I think I should like to try it— 'how do you 

breathe it ? 

Mas.B» 

By collecting the gas in a bladder, to which a 
short tube with a stop- cock is adapted ; this is ap* * 
plied to the mouth with one hand, wliilst the nos*^ 
trils are kept closed with the other, in order that 
the common air may have no access. You then 
alternately inspire, and expire the gB% till you -per- 
ceive its sActs. But I cannot consent to your 
making the experiment; for the nerves are some* 
times unpleasantly affected by it, and 1 would not 
run any risk of thte kind. 
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EMILY* 

I^should like, at least, to see somebody breadie 
it; bat pray by what means is this carious gas 

obtained ? 

It is procured from nitrcU of ammonias an artifi« 
cial salt which yields this gas on the application of 
a gentle heat. I hare put some of the salt into 

a retort, and by the aid of a lamp the gas will be 
extricated.— * 

CABOLINB. 

Bubbles of air begin to escape through the neck 
of the retort into the water apparatus; will you not 
collect them? 

MRS. B. 

The gas that first comes over ikeed not be pre** 
senfedy as it consists of little more than the common 

air that was in the retort ; besides, there is always 
in this experiment, a quantity of watery vapour 
which must come awqr before the nitrous oxyd 

EMILY. 

Watery vapour! Whence does that proceed? 
There is no water in nitrat of ammonia ? 

MBS. B. 

You must recollect that there is in every salt 
a quantity of water of crystalUsatioii^ which may 



118 



or th£ xnTEic 



be evaporated by heat alone. Bui, besides thisi 
water is nctnaUy generated in this experinmM^ as 
yoa will see presently* First tell me^ what m the 

constituent parts of nitrat of ammonia ? 

EHILY. 

Ammonia, and nitric acid; this salt, therefore, 
contains three different elements, nitrogen and by« 
drogen, which produce the ammonia; and oxygeoi 
wbichf with nitrogen, forms the add. 

Well then, in this process the ammonia is decom- 
posed; the hydrogen quits die nitrogen to combine 
with some of the oxygen of the nitric acid, and 
fi>rms with it the watery vapour which is now com- 
ing over. When that U etl^ctedi what w31 you 
expect to find ? - 

SMILY. 

Nitrons add instead of nitric ackl, and m*trogett 
instead of ammonia« 

MBS, B* 

Exactly so ; and the nitrous aeid and nitrogen 

combine, and form the gaseous oxyd of nitrogen, 
in which the proportion of oxygen is 37 parte to 
6S (^nitrogen. 
Yon may have observed, that for a little while 
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no bubbles of air have come over, and we have 
perceiTed only a stream of- vapour conden^g as 
it issued into the water* r— Now bubbles of air 
again make their appearance, and I imagine that 
by this time all the watery vapour is come away, 
and that we moy begin to collect the gas. We 
may try whether it is pure, by filling a phtal with 
itf and plunging a taper into it — yes, it will do 
110w5.fiNr.ihe ti^r bums brighter than in the coaH 
mon lUTi and with a greoMih flaine* * • 

CAROLINE. 

But how is that? I thought no gas would sup* 
port combnstira but oxygen or chlorine. 

MBS.B. 

• 

Or any gas that contaii;i4 .oxygen, and is ready 
to yield it, which is the case with this in a con- 
siderable degree ; it is not, therefore, surprising 
that it should accelerate the combustion of the 
taper. 

You see that the gas is now produced in great 
abundance; we shall collect a large quantity of 
itf and I dare say that we shall -find some pf the 
family who will be curious to make the ' experi* 
ment of respiring it. Whilst this process is going 
on, we . may take a ^neral survey of the most 
important combinatimn of die nitric and nitrous 
acids with the alkalies. 



laO Ot TK£ NITBATf. 

The first of these is mirai of potaA^ commonljr 
called nUre or saltpetre* 

CAROLINE. 

Is not that the salt with which gunpowder is 
made? 

as* B* 

Yes. Gunpowder is a mixture of five parts of 
nitre to . one of ralphur^ and one of charooaL*— 
Nitres from, its great pvdportioii of OKygeOf and 
from the frcilitywith which it yields it, is the 
basis of most detonating compositions* 

SMILT. 

But what is the cause of the violent detonation 
of gunpowder when set five to? 

MBa*B» 

Detonation may proceed from two causes; the 
sudden forijoati^n or destruction of a^ elastic fluid. 
In the first cas^ when either a solid or liquid is 
instantaneously converted into an elestic fluid, the 
prodigious and sudden expansion of the body 
strikes the air w|th gfsat violence and this con- 
cussion produces the sound called detonatioiL 

CABOUKS. 

That I comprehend very well; but how can a 
simihur eSsct be prodnced the destmotifsi of a 
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- * MAS. B* 

A gas can be destroyed only by oondming.'it 
to a liquid or solid state ; when this takes place 
6ud(}enly, the gasy in assuming a new and more 
compact fonn» produces a vacuum, into which the 
surrounding air rushes with great impetuosity ; and 
it is by that rapid and violent motion that the 
-fiouiid is produced. In all detonations, therefore, 
gases are either suddenly formed, or destroyed. 
* In that of gunpowder, can you tell me which of 
these two circumstances takes place ? 

EMILY. 

As gunpowder is a solid, it must, of cburse, pro- 

" tluce the gases in its detonation ; but how, I cannot 
teU. 

MBS. B. 

The constituents of gunpowder, when heated 

to a certain degree, enter into a number of new 
combinations, and ai'e instantaneously converted 
'into a variety of gases, the sudden expansion of 

which gives rise to the detonation. 

CAROLINE. 

And in what instance docs the destruction oir 

CQndeosation of gases produce detonation ? 

• -»..* ' « 

' Mrs. -b. 

I can give you one with wliich y.ou are well 

VOIi. II. G 
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acquainted ; the sudden combination of the oxygen 
and faydfogen gases. 

GA&OLIKS* 

True; I recollect perfectly that hydrogen deto* 
nates with oxygen when the two gases are con* 
verted into water. 

But let us return to the nitrat of potash. — This 
salt is decomposed when exposed to heat^ and 
mixed with any combustible body, such as carbon, 
sulphur, or metals, lliese substances oxy dating 
rapidly at the expense of the nitrat. I must show 
you an instance of this. — I expose to the fire some 
of the salt in a small iron ladle, and, when it is 
sufficiently heated, add to it some powdered char- 
coal ; this will attract the oigrgen from the sal^ 
and be ccmverted into carbonic acid. 

EMILY. 

But what occasions that crackling noise, and 
those vivid iiashes that accompany it ? 

MKS. B. 

The rapidity with which the carbonic acid gas 
is formed occasions a succession of small deton- 
ations, which, together with the emission of flame^ 
is ctSM deflagration* 
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VHrai of ammonia we have already noticed, 
on account of the gaseous oxyd of nitrogen which 
is Qbtained from it. 

Nitrat of silver is the lunar caustic^ so remark- 
able for its property of destroying animal fibre, 
for which purpose it is often used by surgeons.— 
We have said so much on a former occasion, on 
the mode in which caustics act on animal matter, 
that I shall not detain you any longer on this 
subject. 

We now come to the carbonic acid, which 

we have already had many opportunities of noticing. 
You recollect that this acid may be formed by the 
combustion of carbon, whether in its imperfect 
state of charcoal, or in its purest form of diamond. 
And it is not necessary, for this purpose, to burn 
the carbon in oxygen gas, as we did in the pre- 
ceding lecture; for you need only light a piece of 
charcoal and suspend it under a receiver on the 
water bath. The ciiarcoal will soon be extin- 
guished, and the air in the receiver will be found 
mixed with carbonic acid. The process, however, 
is much more expeditious if the combustion be 
performed in pure oxygen gas* 

CAROLINE. 

But how can you separate the carbonic acid, 

o« — 
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obtained in this manner, from the air with which it 
is mixed ? 

MRS. B. 

. The readiest mode is to introduce under the 
receiver a quantity of caustic lime, or caustic alkali, 

which soon attracts the whole of the carbonic acid 
to form a carbonat. — The alkali is found increased 
in weight, and the volume of the air is diminished 

by a quantity equal to that of the carbonic acid 
which was mixed with it. 

- EMILY. 

Pray is there no method of obtaining pure carw 

bon from carbonic acid ? 

MRS. B. 

For a long time it was supposed that carbonic 

acid was not decompoundable; but Mr. Tennant 
discovered, a lew years ago, that this acid may be 
4}ecompo8ed by burning phosphorus in a closed 
vessel with carbonat of soda or carbonat of lime : 
die phosphorus absorbs the oxygen from the car- 
bonat, whihit the carbon is sq)arated in the form 
^f a bkck powder. This decomposition, how* 
ever, is not effected simply by the attraction of the 
phosphorus for oxygen, since it is weaker than that 
of charcoal ; but die attraction of the alkali or lime 
for the phosphoric acid, unites its power .at the 
biiiiiQ time. 
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CAROLim. 

Cannot we make that experiment ? 

MRS. B. 

Not easily; it requires being performed with 

extreme nicety, in order to obtiiin any sensible 
quantity of carbon, and the experiment is much 
too delicate for me to attempt it. But there can 
be no doubt of the accuracy of Mr. Tennant's re- 
sults; and all chemists now agree, that one hun» 
dred parts of carbonic acid gas consists of about 
twenty-eight parts of carbon to seventy-two of 
oxygen gas. But if you recollect, we decomposed 
carbonic acid gas the other day by burning pot- 
assium in it. 

CAROLINE. 

True, so we did ; and found the carbon preci- 
pitated on the regenerated potash. 

BCRS. B. 

Carbonic acid gas is found very abundantly in 
nature; it is supposed to form about one thou- 
sandth part of the atmosphere, and is constantly 
produced by the respiration of animals ; it exists 
in a great, variety of combinations, and is exhaled 
from many natural decompositions. It is con- 
tained in a slate of great purity in certain caves» 
such as the GroUo del Cane, near Naples; 

63 
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I recollect having read an account of tli at grotto, 
and of the cruel experiments made on the poor 
dog% to gratify the curiosity of strangers* But 
I understood that the vapour exhaled by this cave 
was colled^^^ air. 

MRS* B« 

That is the name by which carbonic acid was 
known before its chemical composition was disco^ 
▼ered. ^ This gas is more destructive of iife than 
any other ; and if the pbor anhnals that are suIm 
mitted to its effects are not plunged into cold water 
as soon as they become senseless^ they do not 
recover* II extinguishes flame instantantoiidy. 
I have collected some in this glass, which I will 
pour over the candle« 

CAROLINE* 

This is extremely singular — it seems to extin- 
guish the light as it were by enchantment, as the 
gas is invisible. I never should have imagined that 
gas could have been poured like a liquid* 

MRS. B. 

It can be done wkh carbonic acid only^ as na 

other gas is sufficiently heavy to be susceptible of 
being poured out m the atmospherical air wi^out 
mixing wkh k* 
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EMILY. 

Fray by wliat means did jou obtain this gas ? 

MRS. B. 

I procured it fron^ marble. Carbonic acid guft 
has so strong an -attraction for aU the alkalies aad 
alkaline earths, that these are always found in na- 
ture in the state of carbonats. Combined with 
limC) this acid forms cball^ which may be conri- 
dered as the basis of all kinds of marblesy and caU 
careous stones. From these substances carbonic 
acid is easily separated, as it adheres so slightly to 
its combinations) that the carbonats are all decom* 
pcsable by any of the other acids. I can easily 
show you how I obtained this gas ; I poured some 
diluted sulphuric acid over pulverised marble in 
this bottle (the same which we used the other day 
to prepare hydrogen gas), and the gas escaped 
through the tube connected with it^ the operation 
still oontinuesi as yoa may perceive— 

SMILY* 

YeS) it does; there is a great fermentation in the 
l^ass vessel. What singular commotion is excited 
by the sulphuric acid taking possession of the UroCf 

and driving out the carbonic acid I 

CAROUKB. 

But did the carbonic acid exist vx a gaseous 
§M0 in tlie marble? 

Q4 



Digitized by Google 



1 28 eARBomc acid. 

Certainly not ; the acid, when in a state of com- 
bination, is cqcmble of existing in a solid form. 

Whence, then, does it obtain the caloric neces- 
sary to convert it into gas ? 

us* B* 

It may be supplied in this case from the mix- 
tare of sulphnric add and water, which produces 
an evolution of heat, even greater than is required 
for the purpose; since, as you may perceive by 
touching the glass vessel, a considerable quantity 
of the caloric disengaged becomes sensible. But 
a supply of caloric may be obtained also from a 
diminution of capacity for heat, occasioned by the 
new combination which takes place; and, indeed,^ 
this must be the case when other acids are em- 
ployed for the disengagement of carbonic acid gas, 
which do not, like the sulphuric, produce heat on 
being mixed with water. Carbonic acid may like- 
wise be disengaged from its combinations by heat 
alon^ which restores it to its gaseous state. 

CABOLINB. 

It appears to me very extraordinary that the 
same gas* whiok k produced by the burning of 
wood and coals should exist aita in auob bodies 
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at marble and chalk, which are iiicombustLblc sub- 
stances. • . . . . 

KRS* B* 

I will not answer that objection, Caroline, be- 
cause I thiDk I cau put you in a way of doing it 
yourself* Is carbonic acid combustible? 

CAROLINE. 

Why, no — because it is a body which has been 
already burnt; it is carbon oqIy» and not the acid 

that is coubiistiblc. 

Well) and what inference do you dmw from 
^his? 

CAROLINE* 

That carbonic acid cannot render the bodies 
with which it is united combustible: but that sim-* 
pie carbon does, and that it is in ibis eleineatary 
state that it exists in .wood,' coals, and a grea^ft% 
riety of other combustible bodies. — Indeed, Mr84 
B., you are very ungenerous; you are not s»th^ 
fied with convincing me that my objections ai« 
frivolous, but yoo oblige me to prove them so 
myself. . . . v 

MRa* B* 

You mnst confess, however, that I make ample 
amends for the detection of error, when I enable 

Q 5 
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you to discover the truth. You understand, now, 
I hop^ that carbonic acid is equally produced by 
the decomposition of chalk, or by the combustion 
of charcoal. These processes arc certainly of a 
very different nature; in the first case the acid is 
already formed) and requires nothing more than 
heat to restore it to its gaseous state; whilst, in 
the latter, the acid is actually made by the pro-* 
cess of combustion. 

I understand it now perfectly. But I have just 
been thinking of another difficulty, which, I hope, 
you will excuse my not being able to remove 
myself. How does the immense quantity of calcare- 
ous earth, which is spread all over the globe, ob- 
tain the carbonic acid with which it is combined? 

^; question is, indeed, not very easy to an-*^ 
fpfjft^ but I conceive' that tb# general c8rboDi»* 
adon of calcareous matter may have been the efRscC 
a general combustion, occasioned by some ift* 
'fblutionof our globei. asd^ftidudiig an iifittieiise 
supply of carbonie aeid, with which the calcare^* 
ous matter became impregnated ; or that this 
may have been effected by a gradual absorption of 
carbonie acid frwi the atmiMpliei«.~Bi^ tikis 
would lead us to discussions which we cannot tei> ^ 
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dolge iiii without deviating too much from our 
subject 

EMILY. 

How does It happen that we do not perceive the 
pernicious effects of the carbouic acid which is floats 
lug in the atmosjAere ? 

MRS. B. 

Because of the state of very great dilution in 
which it exists there. But can you tell me^ £]mly» 
what are the sources which keep the atmosphere 

constantly supplied with this acid ? 

EMILY. 

I suppose the combustion of wood^ coals^ and 
other substances^ that contun carbon* 

^ * 

MRS. B. 

And also the breath of animals* 

CAROUNB. 

The breadi of animok? I thought yoir said that 
this gas was not at all respirable^ but oa the xon^ 
trarjr^ extremely poisonous* 

MH8.B. 

So it is ; but although animals cannot breathe 
iu carbonic acid ga% yet» in the process of respir- 
ationi they have the power of formiiig tUa gpu Ui 

G 6 
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their lungs; so that the air which we expire^ or 
reject from the lungs, always contains a certain pro- 
portion of carbonic acid, which is much greater than 
that which is commonly found in the atmosphere. 

CAROLINE. 

But what is it that renders carbonic acid such a 
deadly poison ? 

1CB8* B« 

' The manner in which this gas destroys life^ seems 
to be merely by pre^nting the access of respiraUe 
air ; for carbonic acid gas, unless very much di- 
luted with common air, does not penetrate into the 
)ung8| as th^ windpipe actually contracts and re- 
fuses 'it' admittance^— But we must dismiss this 
subject at present, as we shall have an opportunity 
of treating of respiration much more fully, when we 
come to the diemical functions of animals. 

EMILY. 

: Is carbonic acid as destructive to the life of yege* 
tables as it is to t^at of animals ? . • 

♦ • 

MRS. B. 

If a v^table be completely immersed in it, I 

believe it generally proves fatal to it; but mixed 
in certain proportions with atmospherical air, it is» 
on.the.contraiy» very fiivoimble to veget^tiitfit 
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Yoa remember^ I suppose, our mentioniiig the 
mineral waters, both natural and artificial} which 

contain carbonic acid gas ? 

CAROLINE. 

You mean the Seltzer water ? 

MRS* S« 

That is one of those which are the most used ; 

there are, however, a variety of others into which 
carbonic acid enters as an ingredient :. ail these 
waters are usually distinguished by the name of 
acidulous or gascoi^s )nineyal i^aters. 

The class of salts called carboncUs is the most 
numerous in nature; wc must pass over them in a 
very cursory manner, as the subject is far too exten* 
sive for us to enter on it in detail. The state of 
carbonat is the natural state of a vast number of 
minerals, and particularly of the alkalies and alka- 
line earths, as they have so great an attraction for 
the carbonic acid, that they are almost always 
found combined with it; and you may recollect 
that it is only by separating them from this add, 
that they acquire that causticity and those striking 
qualities which I have formerly described. All 
BUirbles, chalks, shells^ calcareous spars, and lime- 
stones of every description, are neutral salts, in 
which lime^ their common basis, has lost all ita 
characteristic properties^ 
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EMILY. 

But if all these various substances are formed by 
the union of lime with carbonic acidt whence arises 
their diversity of form and appearance ? 

MRS. B. 

Both from the different proportions of their 
component parts, and from a variety of foreign 

ingredients which may be occasionally blended with 
them: tlie veins and colours of marbles, for instance^ 
proceed from a mixture of metallic substances; 
silex and alumina also frequently enter into these 
combinations. The various carbonats, therefor^ 
which I have ennmeratei^ cannot be considered as 
pure unadulterated neutral salts, although they 
certainly belong to that class of bodies. 
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CONVERSATION XIX. 

ON THE BORACIC, FLUORIC, MURIATIC^ AND OXY- 
GENATED MURIATIC acids; AND ON MUttlATS,— 
ON IODINE AND IODIC ACID. 



Mrs* r* 

We now come to the three remaining acids with 

simple bases, the compound nature of which, 
though long suspected, has been but recently proved. 
The chief of these is the muriatic ; but I shall first 
describe the two others, as their bases haye been 
obtained more distinctly than that of the muriatic 
acid. 

Yoo may recollect I mentioned the boracic 
ACID. This is found very sparingly in some parts 
of Europe, but for the use of manufactures we 
have always recdfed it bom the remote Country of 
Thibet, where it is found in some kkes, combined 
with scKla. It is easily separated from the soda by 
sulphuric acid, and appears in the form of shining 
scales, as yon see here. 

GAROUNB. 

I am glad to meet with an acid which we need 
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not be afraid to touch; for I perceive, from yoar 
keeping it in a piece of paper, that it is more in- 
nocent than our late acquaintance, the sulphuric 
and nitric acids. 

MRS. B. 

Certainly ; but being more inert, you will not 
find its properties so interesting. However its de- 
composition, and tlie brilliant spectacle it afibrds 
when its basis again unites with oxygen, atones ibr 
its want of other striking qualities. 
, Sir H. Davy succeeded in decomposing the bo* 
racic acid, (which had till then, been considered as 
undecompoundable,) by various methods. On ex- 
posing this acid to the Voltaic battery, the positive 
wire gave out oxygen, and on the negative wiriei 
was deposited a black substance, in appearance 
resembling charcoal. This was the basis of the 
acid, which Sir H. Davy has called Boraeium or 

The same substance was obtained in more con-^ 
siderable quantities, by exposing the acid to a great 
heat in an iron gun-baixel. 

A third method of decomposing the boracic acid 
consisted in burning potassium in conti|Ct with it 
in vacuo. The potassium attracts the oxygen firom^ 
the acid, and leaves its basis in a separate state. 

The recomposition of this acid I shall show 
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yoQy by barning tome of its basU^ which you 

see here, in a retort full of oxygen gas. The 
heat of a candle is all that is required for this 
combustion. — 

EMILY. 

The light is astonishingly brilliant, and what 
bcMitifal sparks it throws out I 

The result of this combustion is the boracic 
add, the nature of which, you see, is proved both 
by analytic and synthetic means. Its basis has 
not, it is true, a metallic appearance ; but it makes 
Teiy hard alloys with other metals. 

EMILY. 

But pray, Mrs. B., for what purpose is the 
boracic acid used in nianu£ictureB ? 

MRS* B» 

Its pcincipal use is in conjunction- widi soda, 
that is, in the state of borat of soda^ which in the 
arts is commonly called borax. This salt has a 
peculiar power of dissolving metallic oi^ds, and* 
of promoting the fusion of substances capable of 
being melted; it is accordingly employed in va- 
rious metallic arts ; it is used, for example, to re« 
move the ozyd from the surfiuse of metab, and 
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is* ofua employed in the assajiag of meUUic 
orea 

Let us now proceed to the fluoric acid. This 
acid is obtained from a substance wliich is fouod 
freqaently in mines, and particularly in those of 
Derbyshire, called Jhior, a name which it acquired 
from the circumsance of its being used to render 
the ores of metals more fluid when heated* 

CAROLINE. 

Pray is not this tiie Derbyshire spar, of which 
so many ornaments are made ? 

MRS. B« 

The same; but though it has long been em- 
ployed for a variety of purposes, its nature was 
unknown until Scheele, the great Swedish che- 
mist} discovered that it consisted of limef united 
with a peculiar acid, which obtained the name of 
Jluoric acid. It is easily separated from the lime 
by the sulphuric acid, and unless OMidensed in 
watery aiaends id the f<Nr» of ga& A very pecu- 
liar property of thi» aeid i» ita ttokni with silieeoai. 
earths, which I have already mentioned. If the 
distiiiatioa of this acid is performed in i^ass ves* 
•aki they are eorrodtd» and ifat aliceMia pan 
the glass comes over^ united with the gas; if water 



uiyili^oo by GoOglc 



n#UOB3€ ACID* 



h then admrittedf part of thesikcfe k dep08itecl|»a8 

you may observe ill tkis jaiv 

CA«OLlN£« 

I see white flakes forming on the surface of the 
water : is that silex ? 

urns. B. 

Yes, it is. This power of corroding glass has 
been used for engf aving, or rather etchingi upon 
it. The glass is first covered with a coat of wax, 

throu.orh whicii tlic fifrures to be onfjraved are to be 
scratched with a pin; then pouring the fluoric 
acid oTer the wax, it eorrodea the glass where the 
scralches have been made. 

CAfiOLINE. 

I should like to have a bottle of this acid, to 
make engraviqgsr 

AIRS. B. 

But yon could not have it in; a^glass bottle; for 

in that case the acid woald be saturated with silex, 
and incapable of execuiing an engraving; the 
8g«ie thing wovld kappan ware the acid kept in 
veasiia of porcekinior eatthanware: tbismd miisl 

tliercforo be both prepared and preserved in vessel:! 
of silver. 
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If it be distilled from fluor spar and vitriolic 
acid, in silver or leaden vessels, tbe recmyer being 

kept very cold during the distillation, it assumes 
the form of a dense fluid, and in that state is the 
most intensely corrosive substance known. This 
seems to be the acid combined with a little water. 
It may be called hydro^uoric acid; and Sir H. 
Davy has been led^ from some late experiments on 
the subject, to consider pure fluoric acid as a com- 
pound of a certain unknown principle» which he 
csilsjfiuarinef with hydrogen. 

Sir H. Davy has also attempted to decompose 
the fluoric acid by . burning potassium in contact 
with it; but he has not yet been abl^ by this or 
any other method, to obtain its basis in a distinct 
separate state. 

We shall conclude our account of the acids 
with that of the murtatic acid,' which is, per* 

haps, the most curious and interesting of all of 
tliem. It is found in nature combined with sodot 
lime» and magnesia. Muriat of soda is the com- 
mon sea-salt ; and from this substance the acid is 
usually disengaged by means of the sulphuric acid. 
The natural state of tiie muriatic acid is that 
of an invisible permanent gas, ' at the common * 
temperature of the atmosphere ; but it has a re- 
markably strong attraction for water, and assumes 
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the form of a whitish cloud whenever it meets any 
moisture to combine with. This acid is re- 
murkable for its peculiar and very pungent smell, 
. and possesses, in a powerful degree, most of the 
acid properties. Here is a bottle containing mu* 
riatic acid in a liquid state. 

CAROUNE. 

And how is it liquefied ? 

If RS* R* 

By impregnating water with it : its strong at- 
traction for water makes it very easy to obtain it 
in a liquid form. Now, if I open the phial, you 
may observe a kind of vapour rising from it, 
which is muriatic acid gas, of itself invisible, but 
made apparent by combining with the moisture of 
the atmosphere. 

EMILY. 

Have you not any of the pure muriatic acid 

gas? 

MRS. B. 

This jar is full of that acid in its gaseous state 
it is inverted over mercury instead of water, 
because being absorbable by water, this gas can- 
not be confined hj it. I shall now raise the jar a 
little on one side^ and su£kr some of the gas to 



Wjape-rrr-yqu 1^ that '^tt^ed^aUif bef^v^^ 
.visible in the farm of fi. cloud* 

EMILY. 

It must jio doubt, from its uniting with the 

moisture of the atmosphere, that it is converted 
into this dewy vapour. 

SIRS* B« 

« 

Certainly ; and for tlie same reiison, that is to 
say, its extreme eagerness to unite with water, this 
j;a8 will cause snow to melt as rapidly as an intense 
fire. 

This acid proved much more refractory, when 
Sir H. Davy attempted to decompose it, than the 
^ other two nndecompounded acids. It is singular 
that potassium will burn in muriatic acid, and be 
converted into potash, without decomposing the 
acid, and the result of this combustion is a tnurtat of 
potash ; for the potash, as soon as it is regenerated, 
combines with the muriatic acid. 

CAROLINE. 

But how can the jx>tash be regenerated if the 
muriatic acid* does ,qot oxydate the potassium? 

HRS* B. 

The potassium, in this process, obtains oxygen 
from the moisture witli which the muriatic acid is 
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always comblnecl, and, accordingly, hydrogen, re- 
sulting from the decomposition of the moisliuce^ 
invariably evolved* 

EMILY. 

But why not make these experiments with dry 
muriatic acid ? 

MRS. B. 

Diy acids cannot be acted on by the Voltaic 
battery, because acids are non-conductors of elec- 
tricity, unless moistened. In the coarse of a num- 
-ber of experiments which Sir H. Davy made upon 
acids in a state of dryness, he observed that the 
presence of water appeared always necessary to de- 
vdope the acid properties, so that acids are not even 
capable of reddening vegetable blues if they have 
been carefully deprived of moisture. This remark- 
able circumstance led hhn to suspect, that water, 
instead of oxygen, maybe the acidifying principle; 
but this he threw out rather a conjecture than as 
an established point. 

Sir H. Davy obtained very curious results .from 
burning potassium in a mixture of phosphorus and 
muriatic acid, and also of sulphur and muriatic acid ; 
the latter detonates with great violence. All his .ex- 
periments, however, failed in presenting to his view 
the basis of the muriatic acid, of which he was in 
ae^rch ; and he was at last induced to form an 
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opinion respecting the nature of this acid, whidi ' 

shall presently explain. 

EMILY. 

Is this acid susceptible of di£ferent degrees of 

oxygenation? 

MRS. B» 

Yes ; for though it cannot be deoxygenatCi yet 
we may add oxygen to it. 

CAROLINE. 

Why, then, is not the least degree of oxygen- 
ation of the acid called the muriatous, and the 
higher degree the muriatic acid ? 

Mies. B. 

Because^ instead of becoming, like other acids^ 
more dense, and more acid by an addition of oxy- 
gen, it is rendered, on the contrary, more volatile 
more pungent, but less acid, and less absorbable 
by water* These circumstances, therefore, seem 
to indicate the propriety of making an exception 
to the nomenclature. The highest degree of oxy- 
genation of this acid has been distinguished by the 
additional epithet of oxygenated^ or, for the sake 
of brevity, otj/, so that it is called the oxygenated^ 
or oxy-muriatic acid. This likewise, exists in a 
gaseous form, at the temperature of the atmo- 
sphere; it is also susceptible of being .absorbed. 

•2 



Digitized by Googl 



i 



OXT-HURIATIC ACID. 



145 



by water, and can be congealed, or solidified) by a 
certain d^ree of cold. 

EMILY. 

And how do you obtain the o:iey-miiriatic acid? 

MBS. B. 

In various wajrs ; but it may be most oonve- 
itiently obtained by distilling liquid muriatic acid 
over oxyd of manganese) which supplies the acid 
with tlie additional oxygen. One part of the acid 
being put into a retort, with two parts of the oxyd 
of manganese, and the heat of a lamp applied, the 
gas is soon disengaged, and may be received over 
wateri as it is iiut sparingly absorbed by it. — I 
haTe collected some in this jar — 

CAROLINE. 

It is not invisible, like the generality of gases ; 
for it is of a yellowish colour. 

MRS. B. 

The muriatic acid extinguishes flame, whilst* on 
the contrary, the oxy-muriatic makes the flame 
larger, and gives it a dark red colour. Can you 
account for this difference in the two acids ? 

EMILT. 

Yes, I think so ; the muriatic acid will not sup- 
ply the flame with the oxygen necessary fot its 
support ; but when this acid is further oxygeiiatedf 

TOL. II. H 
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it will part with its additional quantity of oxygGD} 
and in this way support combustioD** 

That is exactly the case; indeed the oxygen 
added to the muriatic acid» adheres so slightly to 
it, that it is separated by mere exposure* to the 
sun's rays. This acid is decomposed also by com- 
bustible bodies* many of which it burns, and ac- 
tually inflamesy without any previous increase of 
temperature* 

CAROLINE, 

That is extraordinary indeed ! I hope you 
mean to indulge us widi some of these experi- 
ments? y 

I have prepared sevei al glass jars of oxy-muriatic 
acid gas for that purpose* In the first we shall 
introduce some Dutch gold leaf. — Do jou observe 

that it takes £re ? 

EMILY. 

Yes» indeed it does — how wonderful it is I It 
became immediately red hot» bat was soon smo* 
thered in a thick vapour. 

CABOUNE. 

What a disagreeable smell ! 

• AeeoidingtoUienewtlieofy ofdiloriii^aswillbe^JC* 
plained at tlie end of this coHvenatbl^ tbia combustion 

effected in consequence of- the aaion of chlonne(or oxy- 
muriatic acid) with the hydrogen of the combustible b«fy# 
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VEB. B. 

We shall try the same experiment with phos- 
phoma in anoliier jar of this add.*-*- Yon had belter 
keep ycrnr IwHidkmShief to yonr nose when I open 

It — now let us drop into it this little piece of phos- 
phorus — 

CAROLINE. 

It burns really ; and almost as brilliantly as iii 
oxygen gas I But what is most extraordinary, 
these combustions take place without the metal 
or phosphorus being previously lighted, or even in 
the least heated. 

MBS. B. 

Ail these curious effects are owing to the very 
great facility with which this acid yields oxygen to 
such bodies as are strongly disposed to combine 
with it. It appears extraordinary indeed to see 
bodies, and metals in particular, mdced down and 
inflamed, by a gas without any increase of tem- 
perature, either of the gas, or of the combustible 
The phenomenon, however, is, yon se^ wdl ao* 
•oimted for* 

EMILT. 

Why did you burn a piece of Dutch gold leaf 
rather than a piece of any other metal ? 

MRS. B. 

BeoMiS!^ in the first, place, it is a conqpositioo 

H 2 
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of metals (consisting chiefly of copper) which burns 
readily ; and I use a thin metallic leaf in preference 
to a lump of metal,' becauae it offers, to the Action 
of the gas but a small quantity of matter- under a 
large surface. Filings, or shavings, would answer 
the purpose nearly as well ; but a lump of metal, 
though the surface would oxydate with great 
rapidity, would not take fire. Pure gold is not 
inflamed by oxy-muriatic acid gas, but it is rapidly 
ozydated, and dissolved by it; indeed, this acid is 
the only one that will dissolve gold. 

■ » 

EHJLY. 

This, I suppose, is what is commonly called 
aqm regia, which you know is the only thing that 
will act upon gold. 

ICRS. B. 

That is not exactly the case either ; for aqua 
regia is composed of a mixture of. muriatic acid 
and nitric acid— But, in fact, the result of this 
mixture is the fiirmation of oxy-muriatic acid, as 
the muriatic acid oxygenates itself at the expence 
of the nitric; this mixture, therefor^ though it 
bears the name of niiro-mmriaHc acid^ acts on gold 
merely in virtue of the oxy-muriatic acid which it 
contains. 

Sulphur, volatile oils, and many other substances, 
will bom in the same manner in oxy-muriatic 
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acid gas ; but I have not prepared a sufficient 
quantity of it, to show you the combustion of all 
Uiese bodies. 

CAROLINE. 

There are several jars of the gas yet remaining. 

MRS* S. 

We must reserve these for future experiments. 

The oxy-muriatic acid does not, like other acids, 
redden the blue vegetable colours; but it totally 
destroys all colour, and turns vegetables per- 
fectly white. Let us collect some vegetablei sub- 
stances to put into this glass, which is full of gas. 

EMILY. 

Here is a sprig of myrtle — 

CAROLINE. 

And here some coloured paper — 

MRS. B. 

We shall also put in this piece of scarlet riband, 
and a rose — . 

EMILY. 

Their colours begin to fade immediately. But 
how does the gas produce this eflS^ct? 

' MRS. B. 

The oxygen combines with the colouring matter 
of these substances, and destroys it; that is to say, 

h8 
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destroys the property which these colours bad of 
reflectiDg only one kind of ray8» and raiders diem 
capable of reflecting them all, which, you know, 
will make them appear white. Old prints may be 
cleaned by this acid, for the paper will be whitened 
without injury to the impresdoUf as printer's ink is 
made of materials (oil and lamp black) which are 
not acted upon by acids. 

This property of the oxy-muriatic acid has lately 
been employed in manufactures in a variety of 
bleaching processes; but for these purposes the 
gaj» must be dissolved in water,, as the acid is thus 
rjendered much milder and less powerful in its 
effects ; for, in a gaseous state, it would destroy the 
texture, as well as the colour of the substance sub- 
mitted to its action* 

CAROLtME. 

Look at the things which we put into the gas ; 
they have now entirely lost their colour 1 

MBS. B. 

The effect of the acid is almost completed; and 
if we were to examine the quantity that remains, 
we should find it to consist chiefly of muriatic 

acid. 

The oxy-muriatic acid has been used to purify 
the air in £ever hospitals and prisons^ as it burns 
and destroys putrid effluvia of every kind. The 
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infieotion of the smaU-poK U likewise dtttroyed ky 
this gas, and matter thai has been ftabmhted to its 

influence will no longer generate that disordeii. 

CAROLINE. 

Indeed, I think the remedy must be nearly as 
> bad as the disease; the oxy-mariatic acid has such 
a dreadfully sofibcating smell. 

MRS. B. 

It is certainly extremely offensive: but by keep- 
ing the mouth shut, and wetting the nostrils with 
liquid ammonia, in order to neutralize the vapour 
as it reaches the nose^ its prgudicial effects may be 
in sDiAe degree prevented. At any rate, however, 
this mode of disinfection can hardly be used in 
places that are inhabited. And as the vapour of 
nitric aeid» which is scarcely less efficacious for this 
purpose, is not at all prejudidal^ it U usually pre- 
ferred on such occasions. 

GAROUNfi. 

You have not told us yet what is Sir H. Davy's 
new opinion respecting the nature of muriatic acid, 
to which you alluded a few minutes ago? 

UBS. B. 

True ; I avoided noticing it then, because you 
could not have understood it without soine pre- 

H 4 
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vious knowledge of the oxy-muriatic acid, which I 
have but just introduced to your acquaintance. 

Sir H. Davy's idea is, that mariadc 8cid» instead 
of being a compound, contisting of an unknown 
basis and oxygen, is formed by the union of oxy- 
muriatic gas with hydrogen. 

£MILY. 

Have you not told us just now that oxy-muriatic 

gas was itself a compound of muriatic acid and 
oxygen ? 

MRS. B. 

Yes; but according to Sir H. Davy's liypothesis^ 
oxy-muriatic gas is considered as a simple body» 
which contains no oxygen— as a substance of its 

own kind, which has a great analogy to oxygen in 
most of its properties, though in others it differs 
entirely from it.— According to this view of - the 
subject, the name of oxy-muriatic acid can no longer 
be proper, and therefore Sir H. Davy lias adopted 
that of (Marine^ or chlorine gasy a name which is 
simply expressive of its greenish colour; and in 
compliance with that philosopher's theory, we have 
placed chlorine in our table among the simple 
bodies. 

CAROLINE. 

But what was Sir H. Davy's reason for adopting 
an opinion iso contrary to that which had hitherto 
prevailed ? 
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' There are many circumstances which are favour- 
able to the new doctrine ; but the clearest and Am- 
plest &ct in its supf)oirt is^ that if hydrogen gaa 
and oxy^muriatic gas be mixed together,^ both these 

gases disappear^ and muriatic acid gas is formed. 

EMILV* 

Tliat seems to be a- complete proof; is it not 

considered as perfectly conclusive ? 

MBS. B. 

Not so decisive -as it appears at first sights - be- 
cause it is argued by those who still incline to the 
old doctrine, that muriatic acid gas, however dry 
it may be, always contains a Celrtain^ quantity of 
water, which is supposed essential to its formation. 
So that, in the experiment just mentioned, this 
water is supplied by (he uoion of the hydrogen 
gas with the oxygen of the oxy-muriatic acid ; and 
therefore the mixture resolves itself into the base 
of muriatic acid and water^ that is| muriatic acid 

gas- 

CABOUNE. . 

• I think the old theory must be the true one ; for 

otherwise how could you explain the formation of 
oxy-muriatic gas^ from a mixture gf i^iuj^atijQ acid 
and oxyd of manganese ? 

H 5 
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MRS. B. 

Verjr easily ; you need only suppose that in this 
process the muriatic acid is decomposed ; its hydro- 
gen unites with the oxygen of the manganese to 
fi>nn water^ and the chlorine iqppean in its sepa- 
rate state. 

£MILY« 

But how can you explain the Yarious combus- 
tions which take place in oxy-muriatic gas, if you 
consider it as containing no oxygen ? . 

MRS. B. 

We need oqly suppose that combustion is the 
result of intense chemical action ; so that chlorine, 

like oxygen, in combining with bodies^ forms com- 
pounds which have less capacity for caloric than 
thdr cmslitueDt principles, and, therefor^ caliNric 

is evolved at the moment of their combination. 

BMILT. 

If, then, we may explain every thing by either 
dieory, to which of the two shall we give the pre- 
ference? 

MRS. B. 

It will, perhaps, be better to wait for more deci- 
sive proofs, if such can be obtained, before we 
decide positively upon the subject* The new doc- 
trine has eeartainly gauied ground very rapidly, and 
may be considered as generally established ; but a 
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few competent judges still refuse their assent to it, 
and until that theory is estftblisbed beyond all doubt^ 
it may be as well for us still oocasiohally to use the 
language to which chemists have long been accus- 
tomed. — But us proceed to the examinatipn of 
salts formed by muriatic acid. 

Among the compound salts formed by muriatic 
acid, the muriat of soda^ or common salt, is the 
most interesting.* The uses and properties of this 
salt are too well known to require much comment. 
Besides the pleasant flavour it imparts to the food, 
it Is very wholesomes^ when not used to excess, as 
it assists the process of digestion. 

Sea-water is the great source firom which muriat 
of soda is extracted by evaporation. But it is also 
found in large solid masses in the bowels of the 
earth, in England, and in many other parts of the 
world. 

I thought that sidts, when solid, were always in 
the state of crystals; but llie common tiMcHHiIt i» 
in the form of a coarse white powder* 

* AccorcBiig to Sir H. Davy's .views of the nature of tbe 
muriatic and oxy-muriatic adds, dfy murist of tods is a oooif 
pound of sodium and chlorine, for it may be ibnned bj die 
<&ect combination of oxy-flBuriatic gas and so^um. In his^ 

opinion, therefore, what we commonly call muriat of soda 
contains neither soda nor mariatic acid. 

u 6 
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MRS* fi« 

Crystallisation depends, as you may recollect, on 
the slow and regular reunion of particles dissolved 
in a fluid ; common sen-salt is only in a state of im- 
peribct crystallisation, because the process by which 
it is prepared is not favourable to the formation of 
regular crystals. But if you dissolve it, and after- 
wards evaporate the water slowly, you will obtain a 
regular crystallisation. 

Muriat of ammonia is another combination of 
this acid, which we have already mentioned as the 
principal source from which ammonia is derived. 

I can at once show you the formation of this 
salt by the immediate combination of muriatic acid 
with ammonia.— These two glass jars contain, the 
one muriatic acid gas, the other ammoniacal gas, 
both of which are perfectly invisible — now, if 1 
mix them together, yon see th^ immediately form 
an opaque white cloud, like 8moke*-^If a thermo- 
meter was placed in the jar in which these gases 
are mixed, you would perceive that some heat is. 
at the same time produced. 

XMILY. 

The effects of chemical combinations are, in- 
deed, wonderfiil I— Hpw, extraordinary it is that 
two invisible bodies should become visible by their 
union 1 
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MRS. B. 

This strikes you with astonishment} because it is 
a phenomena which nature seldom exhibits to our 

view ; but the most common of her operations are 
as wonderfuli and it is their frequency only that 
prevents our r^rding them with equal admiration* 
What would be more surprising, for instance, than 

combustion, were it not rendered so familiar by 
custom ? 

EMILY. 

That is true. — But pray, Mrs. B., is this white 
cloud the salt that produces ammonia? How dif- 
ferent it is from the solid muriat of ammonia which 

you once showed us ! 

MRS. B. 

It is the same substance, which first appears in 
the state of vapour, but will soon be condensed by 
cooling against the sides of the jaff in the form of 
very minute crystals. 

We may now proceed to the oxy-muriats. In 
this class of salts the oay^muriat cf potash is the 
most worthy of our attention, for its striking pro- 
perties. The acid, in this state of combination, 
contains a still greater proportion of oxygen than 
when alone. 

CAROUNE. 

But how can the oxy-muriatic acid acquire an 
increase of oxygen by combining with potash ? 
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MRS. B. 

It does not really acquire an additional quantity 
of oxygen, but it loses some of the muriatic acid^ 
which produces tbe same effect^ as the acid which 
remutn is propcnrtionably 8uper*oxygenated.^ 

If this salt be mixed, and merely rubbed toge- 
ther with sulphur, phosphorus, charcoal, or indeed 
any other combostibl^ it explodes strongly. 

CABOLIMB. 

Like gun-powder, I suppose it is suddenly con- 
verted into elastic fluids ? 

MHS* B* 

Yes : but with this remarkable difference, that 
no increase of temperature, any further than is 
produced by gentle friction, is required in this in- 
stance. Can you tell me what gases are generated 
by the detonation of this salt with charcoal? 

EMILT. 

Liet me co^sid^ The oxy-muriatic acid 

parts with its excess of oxygen to the charcoal, by 

which means it is converted into muriatic acid gas; 
whilst the charcoa], being burnt by the oxygen, is 

* According to Sir H. Dayy*i new Tiewi^ just explained^ 
oay^amiiatof potaih ua compound of ofalofhie mth oxygen 
and oxyd of potaniusD. 
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changed to carbonic acid gas. What becomes of 
the potash I cannot tell* 

That is a fixed product which remains in the 
vessel. 

CAROLINE. 

But since the potash does not enter into the 
new combinations, I do not understand of what 

use it is in this operation. Would not the oxy- 
muriatic acid and the charcoal produce the same 
eflfect without it ? 

MRS. B. 

No; because chlorine (or oxy-muriatic acid) 
does not unite with charcoal, unless oxygen be added 
to it) and this oxygen is supplied by the potash. 

I mean to Aim you this experiment) but I 
would advise you not to repeat it alone; for if 
care be not taken to mix only very small quan- 
tities at a time^ the detonation will be extremely 
violent, and may be attended with dangerous 
effects. You see I mix an exceedingly small quan- 
tity of the salt with a little powdered charcoal, in 
this Wedgwood mortar^ and rub them together 
with the pestle^ 

CAEOUNS. 

Heavens ! How can such a loud explosion be 
produced by so small a quantity of matter? 
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RS« B* 

You must oonsider that an extremely small 
quantity of solid substance may produce a very 

great volume of gases ; and it is the sudden evolu- 
tion of these which occasions the sound* 

EMILY. 

Would not oxy-muriat of potash make stronger 
gun-powder than nitrat of potash ? 

MBS* B. 

Yes; but the preparation, as well as the use of 
this salt, is attended with so much danger^ that it 
is never employed for that purpose. 

CAROLINE. 

There is no cause to regret it, I think ; for the 
common gun-powder is quite sufficiently destructive. 

MRS. B. 

I can show you a very curious experiment with 
this salt; but it must again be on condition that 
you will never attempt to repeat it by yourselves. 
I throw a small piece of phosphorus into this 
glass of water; then a little oxy-muriat of potash; 
and, lastly, I pour in (by means of this funnel, 
so as to bring it in* contact with the two other 
ingredients at the bottom of the glass) a small 
quantity of sulphuric acid— 
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CAROLIME. 

This is, indeed, a beautiful experiment ! The 
phosphorus takes fire and bams from the bottom 
of the water, 

EMILY. 

How wonderful it is to see flame bursting out 
under water, and rising through it 1 Praji how is 

this accounted for ? 

MRS* B« 

Cannot you find it out, Caroline ? 

Stop — I think I can explain it. Is it not because 
the sulphuric acid decomposes the salt by com- 
bining with the potash, so as to liberate the oxy- 
muriatic acid gas by which the phosphorus is set 

on fire ? 

MRS.. B* 

Very well, Emily; and with a little more reflec- 
tion you would have discovered another concurring 
circumstance, which is, that an increase of tem- 
perature is produced by the mixture of the sul- 
phuric acid and water, which assists in promodng 
the combustion of the phosphorus. 

I must, before we part, introduce to your ac- 
quaintance the newly-discovered substance iodine, 
which you may recollect we placed next to oxygen 
and chlorine in our table of simple bodies. 
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CAEOUKIU 

Is this also a body capable of maintaining com- 
bustion like oxygeu and chlorine ? 

MRS. B. 

It is ; and although it does not so generally dis- 
~ engage liglit and heat from inflammable bodies, as 
oxygen and chlorine do» yet it is capable of com- 
bining with ^08t of them ; and sometimes, as in 
the instance of potassium and phosphorus, tiie 
combination is attended with an actual appear- 
ance of light and heat 

CAROUNB. 

But what sort of a substance is iodine : what is its 
fcnn and colour ? 

It is a very singular body, in many respects. At 
the ordinary temperature of the atmosphere, it com- 
monly appears in the form of blueish black crystal- 
line scales, sndi as you see in this tube. 

CAROLINE* 

They shine like black lead, and some of the 
scales have the shape of lozenges. 

MRS. B. 

That is actually the form which the crystals of 
iodine often assume. But if we heat them gently 



Digitized by Google 



OXY-MUaXATS>. 



1G3 



by folding the tube over the flame of a caudle^ 
^ what a change takes plaoe ia them* 

# 

CAaOLINE. 

How curious ! They seem to melt, and the tube 
immediately fills with a beautiful violet vapour. 
But look, Mrs. B., the same scales are now appear- 
ing at the other end gf the tube. 

MRS. B. 

This is, in fact, a sublimation of iodine, from 
one part of the tube to another; but with this 
remarkable peculiarity, that, while in the gaseous 
state, iodine assumes that bright violet colour, 
which, as you may already perceive, it loses as the 
tube cools, and the substance resumes its usual 
solid form. — It is from the violet colour of the 
gas that iodine has obtained its name. 

CAROLINE. 

But bow is this curious substance obtained ? 

MRS. B. 

It is found in the ley of ashes of sea-weeds, 
after the soda has been separated by crystal- 
lisation; and it is disengaged by means of sul- 
phuric acid, which expels it from the alkaline ley 
in the &rm of a violet gas,' which may be col* 
lected and condensed in the way you have just 
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seen. — This interesting discovery was made in 
the year 1812, by M. C!oartoi8» a manubcturer 

of saltpetre at Paris. 

• CAROLINE. 

' And pray, Mrs. B., what is the proof of iodine 

being a simple body ? 

MRS* B. 

It is considered as a siniple body, both because 
it is not capable of being resolved into other in- 
gredients; and because it is itself capable of com- 
bining with other bodies, in a manner analogous 
to oxygen and chlorine. The most curious oi 
thes0 combinations is that which it forms with 
hydrogen gas, the result of which is a peculiar 
gaseous acid. 

CAROLINE. 

Just as chlorine and hydrogen gas form muriatic 
acid ? In this respect chlorine and iodine seem to 
bear a strong analogy to each other. 

MBS* B. 

That is indeed tlie case ; so that if tlie theory of 
the Gonstitution of either of these two bodies be 
true, it must be true also in regard to the other; 

if erroneous in the one, thp theory must fall in 
both. 
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But it is now time to conclude; we have ex- 
amined such of the adds and salts as I conceived 
would appear to you most interesting. — I shall 

not enter into any particulars respecting the metal- 
lic acids, as they offer nothing sufficiently striking 
for our present purpose* 
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CONVERSATION XX. 

ON THE NATUEE AND COMPOSITION OF VEGE- 

TABLES. 



MB8. B. 

We Iiave hitherto treated only of the simplest 
combiDations of dements, such as alkalies, earths, 
acids, compound salts, stones, &c.; all of which 
belong to the mineral kingdom. It is time now 
to turn our attention to a more complicated class * 
of compounds, that of organised bodibs, which 
will furnish us with a new source of instruction 
and amusement. 

EMILY. 

By organised bodies, I suppose, you mean the 
regetable and animal creation ? I have^ however, 
but a very vague idea of the word arganigationi 
and I have often wished to know more predsely 

what it means. 

3 * 
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Organised bodies are such as are endowed by 
nature with varioas paxts, peculiarly constructed 
and adapted to perform certain functions connected 

witli life. Tlius you may observe, that mineral 
compounds are formed by the simple effect of me- 
chanical or chemical attraction^ and may appear 
to some to be, in a great measure, the productions 
of chance ; whilst organised bodies bear the most 
striking and impressive marks of design^ and are 
eminently distinguished by that unknown principle, 
called life^ from which the various organs derive 
the power of exercising their respective functions. 

CABOLIKB. 

But in what manner does life enable these or^rans 
to perform their several functions ? 

Bf RS* B* 

That is a mystery which, I fear, is enveloped in 
such profound darkness, that there is very little 
hope of our ever being able to unfold it. We must 

content ourselves with examinintr the effects of this 
principle ; as for the cause, we have been able only 
to give it a name, without attaching any other 
meaning to it than the vague and unsatisfactory idea 
of an unknown agent. 
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CAROLINE* 

And yet I think I can form a very clear idea of 

life. 

MRS. B. 

Pray let me bear how you would define it ? 

CAROLINE. 

It is, perhaps, more easy to conceive than to ex- 
press — - let me consider — Is not life . the power 
trfaich enables both the animal and the ▼qfpetaUe 
creation to perform the various fiinctions which 

nature has assigned to them ? 

MRS. B. 

I have nothing to object to your definition ; but 
you will allow me to observe^ that you have only 

mentioned the effects which the unknown cause 
produces^ without giving us any notion of the cause 
itself. 

EMZLT. 

Yes, Caroline, you have told us what life doeSf 
but you have not told us what it %$• 

ICRS* B* 

We may study its operations ; but we should 
pozzle ourselves to no purpose by attempting to 
form an idea of its real nature. 

We diall bqgia with examining its effects in the 
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vegetable world, which constitutes the simplest class 
of organized bodies; these we shall find distin- 
guished from the mineral matioD^ not only by 
their more complicated natnre^ bot by the power 
which they possess within themselves, of forming 
new chemical arrangements of their constituent 
parts, by means of appr(|>riate organs. Thus, 
though all vegetables are ultimately composed of 
hydrogen, carbon, and oxygen, (with a few other 
occasional ingredients,) they separate and combine 
diese principles, by their various orgaiis, in a thott* 
sand ways, and form, with them, different kinds of 
juices and solid parts, which exist ready made in 
vegetables^ and may, ther^m^ be considered as 
their immediate materials^ 

These are: 

Sap^ Resins, 

MucUagtf Gum JResitf^^ 

. Sitgar% fiabamif 

Feadat Camttchouc, 

Gluten, £straciive colouring Matter^ 

Fi^ed Oilf Tamifh 

Volatile Oik WMfy Fibre, 

Camphor, Vegetable Acids, iSfc. 

CAROLIKS. 

What a bng X\kt of naoie^ I I did not suppose 

VOL. II. . I 
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that a vegetable was composed of half &o many 
ingredients. 

MRS. B. 

You must not imagine that every one of these 
materials is formed in each individual plant. I only 
inean to say, that they are all derived exdnsiveljr 

from the vegetable kingdom. 

skiLY. 

But does each particular part of the plant, such 
as the root, the bark^ thestn^ the seeds, theleavest 

consist of one of these ingredients only, or of several 
of them combined together ? 

MRS. B. 

I believe there is no part of a plant which can be 

said to consist solely of any one particular ingre- 
dient; a certain number of vegetable materials 
must always be combined for the formation of any 
particular part, (of a seed for instance,) and these 
combinations are carried on by sets of vessels, or 
minute organs, which select from other parts, and 
bring togetheri the several principles required for 
the de^elopement and growth of those particular 
parts which they are intended to form and to main- 
tam. 

• < 

And are not these combinations always regulated 
fay the laws of chemical attraction ? 
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No doubt; the organs of plants cannot force 
principles to combine which have no attraction for 
each other; nor can they compel soperior attrac- 
tions to yield to those of inferior power ; they pro- 
bably act rather mechanicaUyi by bringing into 
contact such principles^ and in such proportions^ as 
will, by their chemical combination, form the va- 
rious vegetable products. 

CAROLINE. 

We may then consider each of these organs as a 

curiously constructed apparatusi adapted for the 
perforHiance of a variety of chemical processes. 

MRS. B. 

Exactly so. As long as the plant lives and 
thrivesi the carbon, hydrogen, and oxygen, (the 
chief constituents of its immediate materiafs,) are 
so balanced and connected together, that they are 
not snaoeptible of entering into other combina- 
tions; but no sooner does death take place, than 
this state of equilibrium is destroyed, and new com- 
tunations produced. 

EMILY. 

But why shoold death destroy it? for these ptin- 
ciples must remain in the same proportions, and 
consequently, I should suppose, in the. same older 
of attractions ? * i 

I 2 
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MRS. B. 

You must remember, that in the yeg^hht a» 
well as in the animal kingdom, it is by theprHicipIe 
of hyh that the organs are enabled to act ; when de- 
prived of that agent or stimulus, their power ceases, 
and an older of attractions succeeds, similar to that 
which would take place in mineral or unorganized 
matter. . 

EMILY. 

It is this new order of attractions, I suppose, that 
destroys the organization of the plant after death ; 
for if the same combinations still continued to pre- 
vail, the plant would always remain in the state in 
which it died? 

MRS. B. 

« • 

And that, you know, is never the case : plants 

may be partially preserved for some time after 
death, by drying ; but in the natural course of ^ 
events they all return to the state of simple de- 
ments; a wise and admirable dispensation of Pro- 
vidence, by which dead plants are rendered fit to 
enrich the soil, and became subservient to the 
nourishment of living vegetables* 

CAROLINE. 

But we are talking of the dissolution of plants 
before we have examined them in their living state. 



Digitfeed by Google 



OF. VBOSTABLES. 



MRS. B. 

That is true, my dear. But I wished to give you 
a general idea of the nature of vegetation, before 
we entered into particulars. Besides,' it is not -so 
irrelevant as you suppose to talk of vegetables in 
their dead state, since we cannot analyze them 
without destroying life; and it is poly by hasten* 
ing to submit them to examination, immediately 
after they have ceased to live, that we can antici- 
pate their natural decomposition. There are two 
' kinds of analysis of whidi vegetaUes are suscep- 
tible; first, that which separates them into their 
immediate materials, such as sap, resin, mucilage^ 
&C.; secondly, that which decomposes them into 
thdr primitive elements, as carbon, hydrogen, and . 
oxygen. 

Is there not a third kind of analysis of plants, 
which consists in separating their various parts, as 
the stem, the leaves, and the several organs of the 
flower? 

MRS. B. 

That, my dear, is rather the department of tlie 
botanist; we shall consider these different parts 
of plants only, as the organs by which the various 
secretions or separations are performed; but we 
must first examine the nature of these secretions. 

I 3 
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The sop is the principal material of yegetables, 
since It contains the ingredients that nourish emy 

part of the plant. The basis of this juice^ which 
the roots suck up from the soil, is water; thb 
holds in solution the Tarious other ingredients 
required by the several parts of the plant, which 
are gradually secreted from the sap by the di&rent 
ocgans appropriated to that purpose^ as it passes 
them in circolatiug through the plant* 

MucuSf or mucikfgef is a vegetable substance^ 
which, like all the othm» is secreted from the 

sap ; when in excess, it exudes from trees in the 
form of gum. 

CABOLINS. 

Is that die gum so frequently used instead of 

paste or glue ? 

MRS. B. 

It is; almost all fruit-trees yield some sort of 
gum, but that most commonly used in die arts ii 

obtained from a species of acacia-tree in Arabia, 
and is called gim arabic s it forms the chief nou- 
rishment of the natives of those parts, who obtain 
it in great quandties from incisions which they 

make in the trees^ 

CAROLIN£. 

I did not know that gam was eatable 
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There it an acecmnt of » whole ship^t company 

being saved from starving by feeding on the cargo, 
which was gum Senegal. I should notf however, 
iin^ne^ that it would be either a pleasant or k 
particularly eligible diet to those who have not, 
from their birth, been accustomed to it. It is, 
however, fireqoentl; taken medicinally, and cott» 
sidered as very nourishing. Several kinds of vege- 
table acids may be obtained, by particular processes, 
from gum or mucilage, the principal of which h 
called the mucous acid. 

Sugar is not found in its simple state in plants, 
but is always mixed with gum, sap, or other ingre- 
dients; this saccharine matter is to be met with in 
every vegetable, bat abounds most in roots, fraits, 

imd particularly in the sugar-cane* 

EtflLT. 

If all vegetables contain sugar, why is it ex-* 
tracted exclusively from the sugar-cane ? 

w 

MRS. B. 

Because it .is both most abundant io that fiantf 
and most easily- obtained iirom It. Besides^ -the 
sugars produced by other vegetables differ a little 
in their nature. 

Daring the late troubles in the West-Indies, 
when Europe was but imperfectly supplied with 

I 4 
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sugar, several attempts were made to extract it 
from other vegetables, and very good sugar was 
obtained firom parsnips and from carrots ; but the 
process was top expensive to carry this enterprise 

to any extent, 

CAROLIN£. 

t I sbpold think t&at sugar might be more easily 

obtained from sweet fruits, such as figs, dates. &c. 

Probably ; but it would be still more expensive^ 
from the high price of those fruits, and it would 
not be exactly Uke common sugar.* 

BMILY. 

' Fray, in what manner is sugar obtained from 
the sugar-cane ? 

t Mils. B. 

The juice of* this plant is first expressed by 

passing it between two cylinders of iron. It is 
then boiled with lime-water, which makes a thick 
scum rise to the surface. The clarified Uqiior ia 
let off bdow and evaporated to a very small quaii- 

• Some foreign chemists (M. M. KirkoflT, Braconnot, &c.) 
have found that if starch be boiled for a long time in water 
containing one-fortieth part of sulphuric acid, and evaporated 
down to a certain consistence, the solution of starch concretes, 
in coolings into a solid brownish mais, which has the taste and 
other genera! properties of sugar. Dariof thb ^pfocesa, no 
gas u dlaenned^ and the ackl it not deoompqied* 
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tkyy after which it is sufiered to crjifstallize by 
standing in a vessel, the bottom of which is per- 
forated with holes, that are imperfectly stopped, iu^ 
order that the syrup may drain off. The sugar 
obtained by this process is a coarse brown powder, 
commonly called raw or moist sugar ; it undergoes 
another operation to be refined and converted into 
loaf sugar. For this purpose it is dissolved in 
water, and afterwards purified by an animal fluid 
called albumen. White of eggs chiefly consist of 
this fluid, which is also one of the con^tuent pait« 
of blood; and consequently eggs, or buUoclcs* 
blood, are commonly used for this purpose. 

The albuminous fluid being diflused through 
the qmip^ combines with all the solid impurities 
contained in it, and rises with them* to the sur- 
face, where it forms a thick scum ; the clear liquor 
is then again evaporated to a proper consistence, 
and poured into moulds, in which, *'by a coniused 
crystallization, it forms loa&sv^r. But an addi- 
tional process is required to whiten it; to this 
efiect the mould is Inverted, and its open base is 
covered with clay, through which water is made 
to pass; the water slowly trickling through the 
sugar, combines with and carries off the colouring 
matter. 

caholine. 

I am very glad to hear that the blood that is 
used, to purify sugar does not remain' in. it; it 
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would be a disgusting idea, I have heard of some 
iinpro?€inents by the late Mr. Howard, in the proh 
cess of refining sugar. Pray what are th^ ? * 

Bf RSe Be 

It would be much too long to give you an ac« 
count of the prooesa m detail. But the prfaicipal 
improvement relates to the mode of evaporating 
the syrup, in order to bring it to the consistency 
of sugar. Instead of boiling the aymp in a lalrge 
copper, over a strong fire, Mr. Howard' carries off 
the water by means of a large air-pump, in a way 
similar to that used in Mr. Leslie's experiment for 
fimiiig water.by eraporation; thiUi., tbetynip 
being exposed to a vacuum, the water evaporates 
quickly, with no greater heat than that of a little 
Sttaoif which is introduced round the boiler. The 
air-pump is of course of large dimensions, and h 
worked by a steam engine. A great saving is 
thus obtained) and a striking instance afforded 
of the power of science in suggesting useliil ecoiio-» 
mical improvements. 

SXILT. 

And pray how are sugar-candy and barlqHiugar 
prepared ? 

MRS. 0. 

Candied sugar is nothing more than the regular 
crystals^ obtained by slow erapofatioa froo| a 
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lution of sugar. Bar ley«-8ugar te sugar melted by 
heaty and afterwards cooled in moulds of a spiral 
famEu 

Sugar imbibe dtcompMed by a nsd heat^ and, 

like all other vegetable substances, resolved into 
carbonic acid and hydrogen* The jGormation .and 
the decomposition of angar a£ford many very in* 
teresting particulars, which we shall fully examine, 
' after having gone through the other materials of 
vegetables. We shaU find that there is reason to 
suppose that sugar ianot,. like the other materials^ 
secreted from the sap by appropriate organs ; but 
that it is formed by a peculiar process with which 
yott are notyet acquainted* 

CAROLINE. 

Pray, is not honey of the same nature as sugar? 

MRS, B« 

Honey is a mixture oi saccharine matter and 
gum. 

EMILY. 

I thought that honey was in some measure an 
animal substance^ as it is prepared by the bees. 

It is rather collected by them from flowers, and 
conveyed to their store-houses, the hives. It is 
the wax only that undergoes a real alteration hi 

I e 
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the body of the bee, and is thence converted into 
an animal substance. 

Manna is another kind of sugar, which is united 
with a nauseous extractive matter, to which it owes 
its peculiar taste and colour. It exudes like gum 
from various trees in liot ciimates» some of . wbidi 
have their leaves glazed by it 

The next of the vegetable materials is fecula; 
this is the general name given to the £itrinaceous 
aubstanoe contained in all seeds^ aod in some roots» 
as the' potatoe, parsnip, &c. It is intended by 
nature for the first aliment of the young vegeta* 
ble ; but that of one particular grain is .become a 
favourite and most common fiiod of a large part <^ 
mankind. 

EHILY. 

YoB ailiid^ I suppose, to breads which is madb 

of wheat-flour ? 

Tes. The fecula of wheat contains also another 
Tq^etable substance which seems peculiar to that 
seed, or at least has not as yet been obtained from 
any other. This is gluten^ which is of a sticky, 
lopjt dastic nature; and it is supposed to be 
owing to the viscous qualities of this substance^ 
that wheat-flour forms a much better paste than 
anyothar. v . . 

9 
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Gluten, by your description, must be very like 
gum? 

In their sticky nature they certainly have some 
reaemblance ; butglutm is essentially different from 
gum in other points, and especially in its being 
insoluble in water, whilst gum, you know, is ex* 
tremely soluble. 

The oik contained in v^tables all consist of 
hydrogen and carbon in various proportions. 
They are of two kbds, J£a:ed and volatile^ both of 
which we formerly mentioned. Do you remember 
in what the difoenoe between fixed and volatile 
oil consista? 

EMILY. 

If I recollect rightly, the former are decomposed 
by heat^ whilst the latter are merely volatilized 
by it. 

MRS. B« 

Very well. Fixed oil is contained only in the 
seeds of plants, excepting in the olive, in which 
it is produced in, and expressed from, the fruiu 
We have already observed that seeds contain also 
fecola ; these two substances^ united with a little 
mucilage, form the white substance contained in the 
seeds or kernels of plants, and is destined for the 
nourishm^t of the young plant, to whidi the seed 
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gim birth. The milk of aImond% which is ex- 
piiessed £N>Sa the seed of that name, is eonqposed 
ct these three substances. 

SMILT. 

Pray, of what nature is the linseed oil which is 
used in painting ? 

MBS. B. 

It is a fixed oil, obtained from the seed of flax. 
Nut oil* which is frequently used for the same pur- 
posCf is expressed from walnuts. 

Olive oil is that which is best adapted to culi- 
nary purposes. 

CAROLINE. 

And what are the oils used for burning? 

MRS. B. 

Animal oils most commonly ; but the preference 
given to them is owing to their being less expen- 
sive; for vegetable oils bum equally well, and are 
more pleasanty as their smell is not offensive* 

EMILY. 

Since oil is so good a combustible^ wliat is the 

reason that lamps so frequently require triqiming ? 

- Mitt. B. 

This sometimes proceeds from the construction ^ 
of the lampf which may not be sufficiently fa- 
rowtMt to a peiAct oembostton; but diere is 
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certmnly a defect in dieriiatare of oil ksdf, whidi 

renders it necessary for the best-constructed lamps 
to be occasionally trimmed. This defect arises 
finom a poitkn erf madhgd which .it k extreme^ 
diflficiilt to separate from dhe oDi and whidi being 
a bad combustible^ gathers round the wick, and 
thus impedes its combustion, and consequently 
dboM the light 

CAROLINE. 

But will not oils bum without a 



Not unless their temperature be elevated to 
five or six hundred degrees; the wick answers 
this purpose^ as I think I ones before eorolained 
to you. The oil rises between the fibres of the 
cotton by capillary attraction, and the heat of the 
burning wick volatilizes it» and brings it success 
sively to the temperature at which it is combns* 
tible. 

EMILY. 

I suppose the explanation which yon have given 

with regard to the necessity of trimming lamps, 
applies also to candles, which so often require 
snuffing ? 

MRS. B. 

I believe it does; at least, in some degree* Bat 
besides the drcnmstance just explained, the 
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mm aorts of oils are not very bighly combiulihl% 
so that the heat prodooed by a can^e, which k a. 

coarse kind of animal oil, being insufficient to vo- 
latilize them completely, a quantity of soot is gra- 
dually deposited on the wicky which dims the lights 
and retards the combnstioii* 

» * 

« 

CAROLINE. 

Wax candles, then, contain no incombostible 
matter, since they do not require snuffing? 

MRS* B« 

Wax is a much bettar combustible dian talkw, 

but still not perfectly so, since it likewise contains 
some particles that are unfit for burning; but 
iriien these gather round the wick, (which in a wax 
light is comparatively small,) they weigh it down 
on one side, and fall off together with the burnt 
part of the widu 

CAROLINE. 

As oils are such good combustibles, I wonder 
that they should require so great an elevation of 
temperature before they begin to bum ? 

Though fixed oils will not enter into actual 
combusdon below the teraperatare of about fou^ 

hundred degrees, yet they will slowly absorb oxy- 
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gen at the ooimnon temperature of the atmosphere. 

Hence arises a variety of cliarigos in oils which 
modify their propeilies and uses in the aru« 

•U <ril simply absorbs, and combines with oxy« 
gen, it thickens and changes to a kind of wast. 
This change is observed to take place on the ex- 
ternal parts of certain vegetablesi even during 
their life. But it happens in many instances that 
the oil does not retain all the oxygen which it at* 
tracts, but that part of it combines withy or burns, 
the hydrogen of the oiJ, thus f<»ining a (piantity 
4)f water, which gradually goes off by evaporation. 
In this case the alteration of the oil consists not 
only in the addition of a certain quantity of oxy- 
gen, but in the diminntian of the hydrogen* 
These dls are distmgniahed by the name of dtj/ing 
oils* Linseed, poppy, and nut oils, are of this 
description. 

EMILY. 

I am well acquainted with drying oils, as I con- 
tinually use them in painting. But I do not un- 
derstand why the acquisition of oxygen on one 
band, ahd a loss of hydrogen on the other, should 

render them drying. 

MRS. S. 

This, I concei?e^ may arise from two reasons; 

either from the oxygen which is added being less 
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fiiToaraUe to the stale of flQidky then the hydro* 
gen, which is subtracted; or from this additional 

quantity of oxygen giving rise to new combinations, 
in consequence of which the most fluid parts of the 
oil are liberated and volatilized. 

For the purpose of painting, the drying quality 
of oil is further increased by adding a quantity of 
oxyd at lead to it, by which means it is more ra- 
pidly oxygenated. 

«* The rancidity of oil is likewise owing to their 
oo^genation. In this case a new ofder of iittrac- 
tion takes plac6^ from which a peculiar add is 

formed, called the sebacic acid. 

m 

CABOLINX. 

Since the nature and composition of oil is so well 
kno¥m, pray could not oil be actoally made^ by 
combining its principles? 

M&8* B* 

That is by no means a necessary consequence; 
for there are innumerable varieties of compound 
bodiea which we can deoompoee^ although w;e ar^ 
unable to reunite their ingredients. This, how** 
ever, is not the case with oil, as it has very lately 
been discovered that it is possible to form oil, by 
a peculiar pcoeess, from tba aotioii of oxygemtted 
mnriatie acid gas on hydro-carbonate. 
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We now pass to the volatile or essetUial mis* 
These form die basis of all the vegetable perfumeSf 
and are contained, more or less, in every part of 
the plant excepting the seed; they are, at least 
never found in that part of the seed which con* 
tains the embryo plant. 

SMILT. 

The smell of flowersj then, proceeds from vola- 
tile oU? 

MRS* S* 

Certainly } but this oil is often most abundant 
in the rind of fruits, as in oranges, lemons, &c* 
from which it may be extracted by the slightest 
pressure; it is found also in the leaves of plants» 
and even in the wood, 

CAEOUNE. 

Is it not very plentiful in the leaves of mint, and 
of thym^ and ail the sweet-smelling herbs ? 

MBS. B. 

Yes, remarkably so; and in geranium leaves 
also, which have a much more powerful odour than 
the flowers. 

The perfume of sandal fans is nn instance of its 
existence in wood. In short, all vegetable odours 
or perfumea are prodaced by the evaporation of 
particles of these volatile oils. 
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EMILT. 

They are, I suppose, very light, and of very thin 
consistence, since they are so volatile? 

MRS. B. 

They vary very much in this respect, some of 
them being ai thick as butter, whilst others are as 
fluid as water. In order to be prepared for per- 
fumes, or essences, these oils are first properly 
purified, and then either distilled with spirit of 
wine^ as in the case with lavender water, or sim- 
ply mixed with a large proportion of water, as 
is often done with regard to peppermint. Fre- 
quently, also, these odoriferous waters are pre- 
pared merely by soaktng the plants in water, and 
distilling. The water thai comes over impreg- 
nated with the volatile oil. 

CABOLINE* 

Such waters are frequently used to take spotB 

of grease out of cloth, or silk; how do they pro- 
duce that effect ? 

MRS. B. 

By combining with the substance that forms 
these stains; for volatile oils, and likewise the 
spirit in which they are distilled, will dissolve 
vrax, tallow, spermaceti, and resins; if, therefore^ 
the spot proceeds from any of these substances, , it 
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will remove it. loiects of every kind have a great 
wrenion to perfiiineiy so that volatile oils are em- 
ployed with success in museums for the presenration 
of stuffed birds and other species of animals. 

CAROLIHS* 

Pray does not the powerful smell of camphor 

proceed from a volatile oil ? 

MRS. B« 

4 

Camphor seems to be a substance of its own 
kind, remarkable by many peculiarities. But if 
not exactly of the same nature as volatile oil, it is 
at least very analogous to iu It is olitained chiefly 
from the camphor-trei^ a qiecies of laurel xAAdx 
grows in China, and in the Indian isles, from the 
stem and roots of which it is extracted. Small 
quantities have also been distilled from thymOf' 
sage, and other aromatic plants; and it is deposited 
in pretty large quantities by some volatile oils after 
long standing. It is extremely volatile and in- 
flammable. It is insoluble in water, but is soluble 
in ofls, in which state, as well as in its solid form,, 
it is frequently applied to medicinal purposes. 
Amongst the particular properties pf camphor,, 
there is one too singular to be passed over in; 
silence. If . you take a small piece of camphor,, 
and place it on the surface of a bason of pure 
water, it will immediately begin to move round 
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and round with great rapidity; but if you pour 
into the bason a-.^iogle drop of any odorifcrouiL 
fluid» it vill instantly pat a stop to this motion. 
You can at any time try so very simple an experi- 
ment $ but you must not expect that I shall be able 
to account for the phenomenony as nothing satis- 
iactory has yet been advanced for its explanation. 

CAROLINE. 

It is very sbgular indeed ; and I will certainly 
make the experiment. Ifraj what are resinSf which 
you just now mentioned ? 

MRS. B. 

They are volatile oils, that have faiieen acted on^ 
and peculiarly modifiedi by oxygen. 

CAROLIMS. 

They are^ therefore^ oxygenated volatile oils ? 

MBS. B. 

Not exactly: for the process does not appear to 
consist so mnch in the oxygenation of the oil^ as in 

the combustion of a portion of its Iiydrogen^ and a 
small portion of its carbon. For when resins are 
artifiddly made by the combination of volatile oils 
with oxygen, the vessel in which the process is 
performed is bedewed with water, and the air in- 
cluded within is loaded with carbomc add. 
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BMII*T« 

This process must be, in some respects, similar 
to that for preparing drying oils ? 

MRS. B. 

Yes; and it is by this operation that both of 
them acquire a greater degree of consistence. 
Pitch, tar, and turpentine, are the most common 
resins: thqr eicude from the pine and fir trees. 
Copal, mastic, and frankincense, are also of this 
class of vegetable substances. 

EMILY. 

Is it of these resins that the mastic and copal 

varnishes, so much used in painting, are made? 

, MRS. B. 

Yes. Dissolved either in oil, or in alcohol, re* 

sins form varnishes. From these solutions they may 
be precipitated by water, in which they are in- 
soluble. This I can easily show you.— If you will 
pour some water into this glass of mastic varnish, 
it will combine with tlie alcohol in which the resin 
is dissolyed^ and the latter will be precipitated In 
|he fium of a white cbud. 

SUILT. 

It is iO» And yet how ia it that pictures or 
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drawings, vamishe<l with this solution, may safely 
be washed with water ? 

MBS. ' 

As the varnish dries, the alcohol evaporates, and 
tlie dry varnish or resin which remains, not being 
soluble in water, will not be acted on by it. 

» 

• » • 

There if « class of compound resins, calkd gum^ 

resitiSi which are precisely what their name denotes, 
that is to say, resins combined with mucili^* 
Myrrh and assafaetida are of this description. 

CAROLINE^ 

Is it possible that a substance of so disagreeable 
a smell as assafoetida can be formed from a volatile 
oil? 

Mas. B. 

The odour of volatile oils is by no means always 
grateful. Onions and garlic derive their smell from 
volatile oilsy as well as roses and lavender. * 

There is still another form under which volatile 
oils present themselves, which is that of balsams. 
These consist of resinous juices combined with a 
peculiar acid, called the benaoic acid. Balsams 
appear to have been originally volatile oils, the 
oxygenation of which has converted one part into 
a resin, and the other pait into an acid» which^ 
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ccMfnbined together, form 8 balsam : such are the 
balsams of Peru, Tola, &c. 

We shall now take leave of the oils and tiieir 
▼arious modifications^ and proceed to the. next ve- 
getable substance, which is camtchcuc. This is a 
white milky glutinous fluid, which acquires con- 
sistency and blackens in drying in which state it 
ferms the substance with which yoa are so wdD 
acquainted, under the name of gum-elastic. 

CAR0LIN£. 

X am surprised to hear that gum-elastic was evier 
white, or ever fluid I And fitun what vegetable is it 
procured ? 

MRS. B. 

It is obtained from two or three diiferent spedea 
of trees, in the East-Indies, and South-America, 
by making incisions in the stem. The juice is 
collected as it trickles from these incisions, and 
moulds of clay, in the form of little bottles of 
gum-elastic, are dipped into it. A layer of this 
juice adheres to the clay and dries on it : and 
several layers are successively added by repeating 
this tUl the bottle is of sufficient thickness. It 
is* then beaten to break down the clay, which is 
easily shaken out The natives of the countries 
where this sobstaace is prodocedf Mne^mea mate 
shoes and bopta of it by » simibur pMas^ and 
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they are said to be extremely pleasant and ser* 

viceablc, both from their elasticity, and their being 
water-proof. 

The substance which comes next in our enumer- 
ation of the immediate ingredients of vegetables^ 
18 exiractioe nuUter. This' is a term, which, in a 
general sense, may be applied to any substance 
extracted from vegetables ; but it is more parti- 
cnlariy understood to relate to the extractive 
colouring matter of plants. A great variety of 
colours are prepared from the vegetable kingdom, 
both for the purposes of painting and of dying; 
all the colours caUed lakes are of this description ; 
but they are less durable than mineral colours, for, 
by long exposure to the atmosphere, they either 
Airken or turn yellow. 

EMILT. 

I know that, in painting, the lakes are reckoned 

far less durable colours than the ochres ; but what 
is the reason of it ? 

- ■ • 

The change which takes place in vegetable co» . 
lours is owing chiefly to the oxygen of the atmo- 
sphere slowly burning their hydrogen, and leaving, 
' in some meaanre^ the Uackness of the carbon ex- 
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posed. Such change cannot take place in ochre^ 
which 18 altogether a mineral substance. 

Vegetable colours have a stronger affinity for 
animal than for vegetable substances ; and this is j 
supposed to be owing to a small quantity of nitro- 
gen, which they contain. Thus, silk and worsted 
will take a much finer v^^table dye than linen and 

OdttOD. 

CAROLINE. 

Dying, tben^ is quite a chemical process? 

# 

Undoubtedly. The condition required to form 
a good dye is, that the colouring matter should be 
precipitated, or fixed, on the substance to be 

dyed, and should form a compound not soluble in 
the liquids to which it will probably be exposed. 
Thus, for instance, printed or dyed linens or cot^ 
tons must be able to resist the action of soap and 
water, to which they must necessarily be subject in 
washing; and woollens and silks should withstand 
the action of grease and acids^ to which they may 
accidentally be exposed. 

CAROLINE. 

But if linen and cotton have not a sufficient 

affinity for colouring matter, how are they made to 
resist the action of washing, .which they always do 
when they are well printed ? 

X 2 
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When the substance to be dyed has eidier no 

affinity for the colouring matter, or not sufficient 
power to retain it, the combin^tioa is effected, on*, 
strengthened, by the intervention of a third sub- 
stance, called a mordant^ or basis. The mordant 
must have a strong affinity both for the colouring 
matter and the substance to be dyed^ by wbicb 
means it causes thenoi tp cpmbine and adhere to- 
gether. 

And what are the substances that perform the 
office of thus recouciling the two advise parties? 

MBS. B. 

The most common mordant is sulphat of aia- 
mine^ or alum. Qxyds of tin and iron, in the 

state of compound salts, are likewise used for that 
purpose. 

*Tannin is another vegetable ingredient o£ great 
importance in the arts. It is obtained ciiiefly from 
the bark of trees ; but it is found also in nut-galls, 
and in some other vegetables. 

BMILT. 

Is that the subs^nce comnjionly called /an^ which 
is used iu hot-houses ? 
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MRS. B. 

Tan is the prepared bark in which the peculiar 
substance, tannin, is contained. But the use of 
tan in hot-hotlses is of much less importance thaii 
in the operation of tannings by which 'skin is con- 
verted into leather. 

BICILY. 

Pray how is this openttion performed ? 

MKS. B. 

Various methods are employed for this pur- 
poscy which all consist in exposing skin to the 
action of tannin, or of substances containing lliis 
principle^ in suflBcient quantities, and disposed to 
yidd it to the skin* The most usuttl way is to 
infuse coarsely powdered oak bark in water, and 
to keep the skin immersed in this infusion for a 
certain length of time. During this process, 
which is slow and gradual, the skill is found to 
have increased in weight, and to have acquired a 
eOHsidferable ttoaeitjf and impiermeabiii^ to waticr. 
This eflfect may be much accelerated by using 
strong saturations of the tanning principle (which 
can be extracted from bark), instead of employ- 
ing the bark itself. But this quick mode of pre- 
paration does not appear to fiake equally good 
leather. 

Tannin is contained in a great variety of 

k3 



198 



COX7O81TI01I 



astringent vegetable substances, as galls, the rose* 
tree, and wine ; . but it is nowhere so plentiful as 
in bark. All these substances yield it to water, 

from which it may be precipitated by a solution of 
isinglass, or glue, with which it strongly unites 
and forms an insoluble compound* Hence its va- 
luable property of combining with skin (which 
consists chiefly of glue}, and of enabling it to resist 
the aaion of water. 

SMILT* 

Might we not see that effect by pouring a little 
melted isinglass into a glass of wine, which you say 
contains tannin ? 

Yes. I have prepared a solution of isinglass for 
that very purpose. — Do you observe the thick 
muddy precipitate?"- That is tfaetanmn combined 

with the isinglass. 

CAROLINE. 

This precipitate must then be of the same nature 
as leather ? 

MRS. B. 

It is composed of the same ingredients; but the 
organisation and teaiture of the skin being wanting^ 
it has neither the consistence nor the tenacity of 
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CABOLINE. 

One might suppose that men who drhik large 

quantities of red wine stand a chance of having 
the coats of their stomachs converted into leather, 
since tanain has so strong an affinity for skin? 

MRS* B* * 

It is not impossible but that the coats of their 
stomachs may be» in some measure^ tanned, or 
hardened by the constant use of this liquor; but 
you must remember that where a number of 
other chemical agents are concerned, and, above 
all, where life exists, no certain chemical inference 
can be drawn. 

I must not dismiss this subject, without men** 
tioiung a recent discovery of Mr. Hatchett, which 
relates to it. This gentleman found that a sub- 
stance very similar to tannin, possessing all its 
leading properties, and actually capable of tan- 
ning leather, may be produced by exposing car- 
bon, or any substance conuining carbonaceous 
matter, whether vegetable^ animal, or mineral, to 
the action of nitric acid. . 

CAROLINE. ' 

And is not this discovery very likely to be of use 
to manubctures ? 

MRS. B. 

That !;> very doubtful, because tannin, thus ar- 
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tifidally prepared, must probably always be more 
expensive than that wbich is obteined from bark. 
But the fact is extremely curious, as it affords one 
of those very rave instances of chemistry beii^ 
able to imitate the proximate principles of orga- 
nised bodies. 

The last of the vegetable materials is woody 
Jhre; it is the hardest part of plants. The chief 
source from which this substance is derived is wood, 
but it is also contained, moxe or less, in evecy 
solid part of the plant* It forms a kind of skele« 
ton of the part to which it belongs, and retains its 
shape after all the other materials have disap- 
peared. It consists diiefly of carbon, united with 
a small proportion of salts, and the other consti- 
tuents common to all. vegetables. 

BBflLT. 

It is of woody fibre, then, that the common 
charcoal is made ? 

MBS.B. 

Yes. Charcoal, as you may recollect, is ob- 
tained from wood, by the separation of all its eva- 
porable parts. 

Before we take leave of the vegetable materials, 

it will be proper, at least, to enumerate the several 
vegetable acids which we either have had, or may 
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htiy^ occasion to mention. I beH^vt I formerly 
told yovL that their basis, or radical, was uniformly 
ccfinlpoieted of hydro^eh and carboRi aiid that tlitit 
Mhrtsnc^ cofitkU^ only in the Vtfriotis proporfidiis 
of oxygen which they contained. 

The feUowiii^ ate thfe innUei of die y^ietabt^ 
acids : 

The Mucous acid^ obtained from gum> or mu- 

Suberic - • - teoin icdrk ; 

Camphoric - * from camphor ; 

Benzoic - - - from balsams; 

Qallic -i « - • from gall% bark^ &e» 

Malic - • - *- from ripe fhitta ; 

Citric - - - - from lemon juice; 

Oxalic - - - - from sorrel ; 

' Succinic - - - from funber ; 

Tartarous ' - - from tartrit of potash; 

Acetic - - - - from vinegar. 

Th^ are all decomposable by heat, soluble ill 

water, and turn vegetable blue colours red. The 
succinic^ the tartarons, and the acetous acids, are 
the products of the decompositioii of vegetable^ 
we shall, therefore, reserve their examination for a 
future period. 

The oxalic acid, distilled from soi'rely is thd 
liighest term of vegetable acidification; i^ori if 
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more oxygen be added to it, it loses its vegetable 
nature and is resolved into carbonic add pud 
water ; thereforet though all the other acids nmj 
be converted into the oxalic by an addition of oxy- 
gen, the oxalic itself is not susceptible of a fur- 
ther dq;ree of oxygenation; nor can it be made, 
by any chemical processes, to return tp,a state of 
lower acidification. 

To conclude this subject^ I have only to add a 

few words on the gallic acid, • ... . . . 

CAROLINE. 

Is not this the same acid before mentioned^ 
which forms ink» by precipitating sulphat of iron 
from its solution? 

MAS. B* 

Yes. Though it is usually extracted from galls, 
on account of its being most abundant in that ve- 
getable substance^ it may also be obtained from 
a great variety of plants. It constitutes what is 
palled the astrifigent j?r/wc/p/6' of vegetables ; it is 
generally combined with tannin, and you wiU find 
that an infusion of tea, coflfee^ bark, red wine^ or 
any vegetable substance that contains the astrin- 
gent principle, will make a black precipitate with 
a solution of sulphat of iron. 
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CAA0L1N£. 

Bat pray what are galls? * 

' MRS. B. 

They are excrescences which grow on the bark 
of young oaks, and are occasioned by an insect 
i^hlch wounds the bark of treesy and lays its eggs 
in die aperture. The lacerated yessels 6( the tree 
then discharge their contents, and form an ex- 
crescence, which affords a defensive covering for 
these egga» The insect, when come to Ufe^ first 
feeds on this excrescence, and some time after- 
ward eats its way out, as it appears from a hole 
which is formed in all gall-nuts that no longer 
contain an insect. It is in hot climates only that' 
strongly astringent gall-nuts are found; those 
which are used for the purpose of making ink are 
brought from Aleppo. 

• « « * - 

SMILT. 

But are not the oak apples which grow on the 
leaves of the oak in this country of a simihr 
nature ? 

' ' MRS. B. 

Tes; only they are an inferior species of galls, 

containing less of the astringent principle, and 

thereibre less applicable to useful purposes* ' 
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Are the vegetable acids nerer found tnit in their 
pnre nnoombined state ? 

MB8. B* 

By no means; on the contrary} th^y are fre-. 
quentljF met with in the state of cpmpoond lallff^ 
thete^ however, are in general not fiilly satnvated 

with the saUfiable bases, so that the acid predomi- 
J^atea; and, in this state, they are called acidulous 
«Iftl» OfthttktfldistliesaltcidMcieanioftaiter. 

CAROLINB* 

Is not the salt of lemon commonly used to take 
out inlMpots and stains, of this nature ? 

BCRS* B« 

No ; that salt consists of the oxalic acid, com- 
bined with a little potash. It is found in that state 
in sorrel. 

CAROLINE. 

And pray how. does it take out iok-q^ots ? 

MB8. B. 

By uniting with the ixouiaad rendering it soluble' 
in water. 

Besides the vegetable materials which we have 
enumerated, a variety of other substances, com- 
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nion to the three kingdoms^ are found m v^ge- 
tablesi sacfa' as potash, which was formerly toppoeed 

to belong exclusively to plants, and was, in conse- 
quencc, called the vegetafbie aikalL- 

Sulphur, phoqphorusy earths^ and a variety of 
metallic oxyds, are also found in v^tables, but 
only in small quantities. And we meet sometimes 
with neutral salta, formed by the combination of 
these ingredients. 
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CONVERSATION XXI. 

ON THE DSC0HP08ITION OF YXaVTiUIL^S;' 



CAROLIME. 

The account which yon have given a% Mrs. B.^ 
of the materials of vegetables, is, doubtless, very 

instructive ; but it does not completely satisfy my 
curiosity. I wish to know how plants obtain the 
principles from which their various materials are 
formed ; by what means these are converted into 
vegetable matter, and how they are connected with 
the life of the plant. 

MRS. B. 

This implies nothing less than a complete his* 

tory of the chemistry and physiology of vegetation, 
subjects on which we have yet but very imperfect 
notions. Still I hope that I shall be abl^ in some 
measure^ to satisfy your curiosity. But, in order 
to render the subject more intelligibly I must first 



DEG0MP06ITI0N OF VEGETABLES. 207 



make you acquainted with the various changes 
which vegetables undergo^ when the vital power 
no longer enables them to resist the common laws 
of chemical attraction. 

The composition of vegetables being more com- 
pUcated than that of minerals^ the former more 
readily midergo chemical changes than the latter: 
for the greater the variety of attractions, the more 
easily is the equilibrium destroy edj and anew order 
of oombinations introduced. 

EMILY. 

I am surprised that vegetables should be so easily 
susceptible of decomposition; for the preservation 
of the vegetable kingdom is certainly &r more im*" 
portant tha^ that of minerals. 

MRS. B. 

* 

You must consider, on the other hand, how 

much more easily the former is renewed than the 
latter. The decomposition of the vegetable takes 
place only after the death of the plant, which, in 
the common course of nature, happens when it has 
yielded fruit and seeds to propagate its species. 
iff instead of thus finishing its career, each plant 
was to retain its form and vegetable state, it would 
become an useless burden to the earth and its 
inhabitants. When vegetables, therefore, cease 
to be productivi^ they cease to live^ and nature 



i^ef} hegin% her prfSce«<* or d^ompbsitioD, ih otA^ 
to reM^ive. ibem into liuir chemical constituents, 
k^dri>i4> n, Cjirhon, and oxygen ; those simple and 
primitive ii ^redients, which she keqM in store fot' 
all her combmaiioiis* 

EMILY* 

--•■V 

Alt since no system of comlniiittloii ci^ be dc^ 

stroyc^l, except by the establishment of another 
order of attractions, how can the decomposition 
of vegetables reduce them to their simple elements ? 

MRS. B. 

It is a very long process, during which a variety 
of new combinations are liaceessively estabHbhed 
and successively destroyed ; but, in each of th^ 
changes, the ingredients of vet^etable matter tend 
to unite in a more simple order of compounds^ 
till they are at length brouf^t to their elementary 
state, or, at least, to their most simple order of 
combinations. Thus you will find that vegetables' 
{Eire in the end almost entirely reduced to watcfr 
and carbonic acid ; the hydrogen aitd darbon divid- 
ing the oxygen between them, so as to foi m with 
it these two substances. But the variety of inter* 
niediate combinationy that take place daring the 
i^dveral stages of the decomposition of vegetables, 
present us with a new set of compounds, well 
\i^orthv of our examination* 
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How is It possible that vegetables, while putre- 
fying, should produce any thing worthy of obser?- 

ation ? 

They are susceptible of undergoing certain 
changes before they' arrive at the state of putre- 
faction, which is the final term of decomposition; 
and of these changes we avail ourselves for par- 
ticular and important purposes. But, in order to 
make you understand this subject, which is of 
considerable importance^ I must explain it more 
in detail. 

The decomposition of vegetables is always at- 
tended by a violent internal motion, produced by 
the disunion of om ^Msder of particles, and the 
combination of another. 'Dils is called FfiRMSMT- 
ATiON. There are several periods at which this 
[H'ocess stops, so that a state of rest appears to be 
restored, and the new order of eompoufids &ir]y 
established. But, unless means be used to secure 
these new combinations in their actual stale, their 
duration will be but tranmnti and a new ferment* 
ation will take place, by which the compound last 
formed will be destroyed ; and another, and less 
complex order, will succeed. 

EMILT. 

The fermentations, then, appear to be only the * 
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successive steps by which a yegetable descends to 
its final dissolntion, 

MRS. B. 

Precisely so. Your definition is perfectly cor- 
rect, 

CABOLIMB. ^ 

# 

And how many fermentations^ or new arrange;- 
mentSy does a vegetable undergo before, it is re- 
duced to its simple ingredients ? 

Chemists do not exactly agree in this point; 
but there are, I think, four distinct fermentations, 

or periods, at which the decomposition of vegetable 
matter stops and changes its course. But every 
Icind of vegetable matter is not equally susceptible 
of undergoing all these fermentations. 

There are likewise several circuiastances re- 
quired to produce fermentation. Water and a 
certain degree of heat are both essential to this 
process, in order to separate the particles, and 
thus weaken their force of cohesion, that the new 
chemical affinities may be brought into action. 

CAROLINE* 

In frozen climates, then, how can the sponta- 
neous decomposition v^;etables take place? 
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MRS* S* 

It certainly cannot ; and, accordingly, we find 
scarcely my vestiges of vegetation where a con* 
stant frost prevails* 

CAROLINE. 

One would imagine that, on the contrary, such 
vpotA would be covered with vegetables ; for, since 
they cannot be decomposed, their number must 
always increase. 

MRS. B. 

But, my dear, heat and water are quite as es-. 
sentifU to the formation of vegetables, as they are 
to their decomposition. Besides^ it is from the 
dead vegetables, reduced to their elementary prin- 
ciples, that the rising generation ia supplied with 
sustenance. No young plant, therefore, can grow 
unless its predecessors contribute both to its form- 
ation and support ; and these not only furnish the 
seed from whidi the new plant springs, but likewise 
the fixxl by which Jt is nourished. 

CAROLINE* 

Under the torrid zone, ther'efore, where water is 
never frozen, and the heat is very great, both the 
processes of vegetation and of fermentation must, 
I suppose, be extremely rapid ? ' 

Bf RS. B. 

Not so much as you imagine ; for in such cU- 
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mates great part of the water which is required 
fer these procinses is in an fle^ifonn staf ie^ wbich 

is scarcely more conducive either to the growth 
or formation of vegetables than that of ice. In 
those latitudes, therefor^ it is only in low damp 
situations, sheltered by woods from the sun's rays, 
that the smaller tribes of v^etables can grow and 
thrive during the dry season, |» dead vegetabtes 
seldom retain water enough to produee fermenU 
ation, but are, on the contrary, soon dried up by 
the heat of the sun, which enables them to resist 
that process; so that it is not till the fall of the 
autumnal rains (which are yery vfolent in such 
climates), that spontaneous fermentation can take 
place. 

The several fermentations derive their nam^ 

from their principal products. The first is called 
the saccharine Jhrmentation^ because its product is 
sugar. 

CAIiOI.IN£« 

But sugar, you have told us, is found in all ve- 
getables; it cannot, therefore, be the product of 
their decomposition. 

MRS. B. 

It is true that this fermentation is not confined 

to the decomposition of vegetables, as it conti* 
uually takes place during their life; and, indeed, 
this circumstance has, till lately, prevented it from 
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being cooaidered as one of the fermentations. But 

the process appears so analogous to the other 
fernientationsi and the formation of sugar, whether 
in living or dead vegetable matter is so evidently 
a new compound, proceeding from the destruction 
of the previous order of combinations, and essential 
to the subsequent fermentations, that it is now, I 
bdiev^ generally esteemed the first step^ or neces- 
sary preliminary, to decomposition, if not an actual 
commencement of that process. 

OABOLUUB* 

I recollect your hinting to us that sugar was 
supposed not to be secreted from the sap, in the 
same manner as mucilage, fecula, oi)| and the other 
ingredients of vegetables. 

MRa»B» 

It is rather from these materialsf than from die 
sap itself, that sugar is formed ; and it is developed 

at particular periods, as you may observe in fruits, 
which become sweet in ripening, sometimes even 
after they have been gathered. Life, therefore, 
is not essential to the formation of sugar, whilst, 
on the contrary, mucilage, fecula, and the otlier 
vegetable materials that are secreted from the 
sap by appropriate organs, whose powers imme-- 
diately depend on the vital principle, cannot be 
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produced but during the existence of that prin- 
ciple. 

EMILY. * 

The ripening of fruits is, then, their iirst step 
to destructioni as well as their last towards per^ 
fection? 

MRS. B. 

. Exactly.— A process analogous to the fiaccharine 
fermentation takes place also during the cooking 

of certain vegetables. This is the case with pars- 
nips, carrots, potato^ &c. in which sweetness is 
developed by heat and moisture; and we know 
that if we carry the process a little farther, a more 
complete decomposition would ensue. The same 
process takes place also in seeds previous to their 
sprouting. 

CAROLINE. 

How do you reconcile this to your theory, Mrs. 
B.? Can yon suppose that decomposition is the 

necessary precursor of life ? 

MRS. B. 

That is indeed the case. The materials of the 

seed must be decomposed, and the seed disor- 
ganized, before a plant can sprout from it. Seeds, 
besides the embrio plant, contain (as we have al<* 
ready observed) fecula, <»U and a little mucilage. 
These substances are destined for the nourishment . 
of the future plant; but they undergo some change 
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before they can be fit for this function. The seeds^ 
when buried in the earth, with a certain degree df 
moisture and of temperature, absorb water, which 
dilates them, separates their particles, and intro- 
dnoes a new order of attractions, of which, sugar 
is the product. The substance of the seed js thus 
softened, sweetened, and converted into a sort of 
white milky pulp^ fit for the nourishment of the 
embrio plant. 

The saccharine fermentation of seeds is artifi- 
cially produced, for the purpose of making ma//, 
by thefoUowingjHTooess: — A quantity of barley is 
first soaked in water ibr two or three days : the 
water being afterwards drained ofl^ the grain heats 
spontaneously, swells, bursts, sweetens, shows a 
disposition to germinate, and actually sproutSLto 
the length of an inch, when the process is stopped 
by putting it into a kiln, where it is well dried at a 
gentle heat. In this state it is efisp and friable, 
and constitutes the substance called maH^ w;hich is 
the principal ingredient of beer. 

EMILY. 

But I hope you will tell us how malt is made 
into .beer? 

MRS. B. 

Certainly ; but I must first explain to you the 
nature of the second fermentation, which is essea- 
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tial to that operatioo. This u called the vimm 
JhwenkUiatif beeanse its product is wiim, 

BMILT. 

0 

How Terjr difierent the deoonipoeitioK of rege^ 
tables is from what I had Imagitied I The prodm;ts 

of their disorganisatioa appear almost superior to - 
those which ihey yield during diek stale of life and ' 
perfection. 

MRS. B. 

And do yoD na^ aft die same tim^ athnre the 
baantifid eoaoomy of Natore, which) whatfier she- 

creates^ or whether she destroys, directs all her 
operations to some useful and benevolent purpose ? 
-** It appears that the saccharine fermentalion ia 
extremely favoiirable, if not absolutely essential^ as' 
a previous step^ to the vinous fermentation ; so that 
if sngar be not developed during the life of the 
plan^ the saecharine- fermentation mast be artifi* 
cially produced before the vinous fermentation can 
take place. This is the case with barley, which 
docs not yield any sngar nntil it is made into malt; 
and it is in that state only tlrat it is snsoeptiblai.of 
undergoing the vinous fermentation by whickitia. 
converted into beer. 

CAROUN£. 

Bat if the product of the. vinous fermentatioa 
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18 always wine^ beer camiot htm «ndei^fM«l tint 
process, for beer is certmnljr mC wiile# 

MRS* B* 

CheaiicaUjr speakings beer nay be cdhisidared as 
the wine of grain. For il» is the produol of the 

fermentation of malt, just as wine is that of the 
iiermentaUoo of grapes, or other iruits* 

Tiie conseqoMMe of the vinotts ferm^nlatioii is 
the decomposition of the saccharine matter, and 
the formation of a spirituous liquor from the con- 
stttoents of the sugar. But, in order to promote 
this fermentatioii, not only water and a certain 
degree of heat are necessary, but also some other 
vegetable ingredients, besides the sugar, as &cul% 
mucilage, acids, sdts, extractive matter, &&, all of 
which seem to contribute to this process; and give 
to the Uquor its peculiar taste. 

sifiLir. 

It is, }>erliaps, for this reason that wine is not ob- 
tained from the fermentation of pure sugar ; but 
diat fruits are dMseiki finr that purpose^ as tbey 
contain not only sugar, but likewise the other 
vegetable ingredients which promote the vinous 
fermentation, and give the peculiar flavour. 

MRS. B. 

Certainly. And you must-observe^ also^ that 

VOL. II. L 
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the relative quantity of sugar is hot the only cir' 
cumstance to be considered in the choice of ye* 

getable juices for the formation of wine; otherwise 
the sugar-cane would be best adapted for that 
puipose^ It is rather the mannei^ and proportioa 
in which the sugar is mixed with other vegetable 
ingredients that influences the production and qua- 
lities of wine. And it is found that the juice of 
the grape not only yields the most considerable 
proportion of wine, but that it likewise affords it 
of the most grateful flavour. 

, EMILY. 

I have seen a vintage in Switzerland, and I do 
not recollect that heat was applied, or water added, 
to produce the fermentation of the grapes. 

MRS. B. 

The common temperature of the atmosphere in 
the cellars in which the juice of the grape is fer- 
mented is sufficiently warm for this purpose; and 
as the juice contains an ample supply of water, 
there Js no ocoasipn for any addition of it. But 
when fermentotion is produced in dry malt, a quan- 
tity of water must necessarily be added. 

EMILY. 

But what are precisely the changes that happen 
durii^ the vinous'fermentation ? 
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The sugar is decoinposedj and its constituents 
are recombined into two new substances ; the one 
a peculiar liquid substance, called alcohol w spirit 
noine, which remains in the fluid ; the other, 
earbonic acid gas, which escapes during the fer* 
mentation* Wine^ therefore, asLbeforeobservcdy 
in a general point of view, may be considered as a 
liquid, of which alcohol constitutes the essential 
part. And the varieties of strength and flavour of 
the difierent kinds of wine» are to be attributed to 
the different qualities of the fruits, from which they 
are obtained, independently of the. sugar. 

• 

' CAROLIKE. 

I am astonished to hear that so powerful a liquid 
as spirit of wine should be obtained from so mild 

a substance as sugar. 

UKs. n« 

Can you tell me in what the principal difference 
consists between alcohol and sugar ? 

CABOLINB.' 

,het me reflect Sugar consists of car- 
bon, hydlt^n, and oxygen. If carbonic acid be 

subtracted from it, during the formation of alco- 
hpl, the latter will contain 1^ carbon and oxygen 

L 2 
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than sugar does; thepffone hydrogen most be. the 
prevailing principle of alcohol* 

HAS* JB* 

It is eacactly sa And this very large proportion 
of hydrogen accounts for the lightness and com- 
bustible property of alcoho], and of spirits in 
genesalf aU of ¥f)^k consist of alcohol yarionsljr 
modified. 

£MILY. 

And can sugar be reoomposed from the combin- 
ation oi alcohol and carbonic add? 

Chemists have never been able to succeed in 
effecting this; but from analogy I should sup- 
pose such a recomposition possible. Let us now 
observe more particularly, the phenomena that 
take place during the vinous fermentation. At the 
commencement of this process, heat is evolved, 
and the liquor swells considerably from the tbrm- 
ation of the carbonic acid, which is disengaged 
in such prodigious quantities as would be fatal to 
any person who should unawares inspire it; an 
accident which has- sometimes happened. If the 
fermentation be stopped by putting the liquor 
into barrels, before the whole of the carbonic 
add is evcdved^ the wine is brisk, lil^ Cham'* 
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pagne, from the carbonic ncid imprisoned in it» 
and it tastes sweet, like cyder, from the sugar not 

being completely decomposed. 

EMILY. 

But I do not understand why heat should be 
evolved daring this operation. For, as there is a 

considerable formation of gas, in which a propor- 
tionable quantity of heat must become insensible, 
I should have imagined that cold» rather than heat, 
would have been produced. 

MRS. B. 

It appears so on first consideration; but you 

must recollect that fermentation is a complicated 
chemical process; and that, during the decompo- 
sitions and recompositions attending it, a quantity 
of chemical heat may be disengaged, sufficient 
both to develope the gas, and to effect an increase 
of temperature. When the fermentation is com- 
pleted, the liquid cools and subsides, the effer- 
vescence ceases, and the thick, sweet, sticky juice 
of the iruit is converted into a clear, transparent, 
spirituous liquor, called wine^ 

EMILT. 

How much I regret not having been acquainted 
with the nature of the vjnot» fermentation, when 
I had an opportunity of seeing the process. 

L 3 
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AIRS. B. 

You have an easy method of satisfying yonrseff 
in that respect by observing the process of brewing, 
which, in every essential circumstance, is similar to 
that of making wine, and is really a very curious 
chemical operation. 

Although we cannot actually make wine at this 
moment, it will be easy to show you the mode of 
analyzing it. This is done by distillation. When 
wine of any kind is submitted to this operation, it 
is found to contain brandy, water, tartar, extrac- 
tive colouring matter, and ^me vegetable acids. 
I have put a little port wine into this alembic of 
glass (Plate XIV. fig. and on placing the 
lamp under it, you will soon see the spirit and 
water successively come over— 

EMILY. 

But you do not mention alcohol amongst the 
products of the distillation of wine; and yet that is 
its most essential ingredient ? 

MRS. B. 

The alcohol is contained in the brandy which 
is now coming over, and dropping from the still. 
Brandy is nothing more than a mixture of alcohol 
and water rand in order to obtain the alcohol pure^ 
we must again disdl it from brandy. 
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CAROLING* 

1 have just taken a drop on my finger : it tastes 
like strong brandy, but it is without colour, whilst 
brandy is of a deep yellow. 

MRS. B. 

It is not so naturally ; in its pure state brandy 
is colourless, and it obtains the yellow tint you 
observe^ by extracting the colouring matter from 
the new oaken casks in which it is kept. But if 
it does not acquire the usual tinge in this way, it 
is the custom to colour the brandy used in this 
country artificially, with a little burnt sugar, in 
order to give it the appearance of having been 
long kept. 

CAilOLINE. 

And is rum also distilled from wine? . 

MRS. B. 

By no means; it is distilled from the sugar- 
cane^ a plant which contains so great a quantity 
of sugar, that it yields more alcohol than almost 
any other vegetable. After the juice of the cane 
has been pressed out for making sugar, what still 
remains in the bruised cane is .extracted by water, 
and this watery solution of sugar is fermented,: and 
produces rum<i 

L 4 
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The spirituous liquor (S^O^ arack is in a similar 

manner distilled from the product of the vinous 
feripentation of rice. 

EMILY. 

But rice has no sweetness ; does it contain any 
sugar ? 

MRS* Sp 

Like barley and most other seeds» it is insipid 
until it has undergone the saocharine ferment- 
ation; and this, you must recollect, is always a 
previous step to the vinous fermentation in those 
vegetables in which sugar is not already formed. 
!Brandy may in the same manner be obtained from 
malt. 

CAROLINE. 

You mean from beer, I suppose ; for the midt 
must have previously undergone the vinous fer- 
mentation. 

Beer is not precisely the product of the vinous 
fermmitation of malt. For hops are a necessary 
ingredient for the formadcm of that liquor; whilst 
brandy is distilled from pure fermented malt. But 
brandy mighti i|o doubt, be distilled from beer 
as well as from any other liquor that hi» under- 
gone the vinous fermentation; for since the basis 
of brandy is alcohol, it may be obteined from any 
liquid that ccmlains that spirilttous sidbstanoest 
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EMILY. 

And pittgs firom what vegetable is the fiivoiiritie 
spirit of the lower oiilers of people, gin, ex* 
tracted? 

MB8.1. 

The spirit ( which is the same in all fermented 
liquors) may be obtained from any kind of grain ; 
but the peculiar flavour which distingtiishes - gin 
is lliat of juniper berrie% ii^ch are distdkd to*- 
gether with the grain. 

I think the brandy contained in the wine which 
we are distilling m«st, by this tim^ be all come 
over. Yes — taste the liquid that is now dropping 
from the alembic «^ 

CAROLINE. 

It is perfectly insipid^ like water, 

B(S« fi» 

It is water, which, as I was telling you, is the 
second product of wine, and comes over afler all 
the q)irit, which is the ligbest party is distilled «^ 
The tartar and extractave colouring matter we shall 

find in a solid form at the bottom of the alembic. 

EMILY. 

They look very like the lees of irine. 

MBS. h4 

And in many reqpects tliey art of a sBmbur 
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nature, for lees of wine consist chiefly of tai irat of 
potash; a salt which exists in the juice of the 
grape, and m many other vegetables, and is de-^ 
veloped only by the vinous fermentation. During 
this operation it is precipitated, and deposits itself 
on the internal surface of the- cask- in wMoh the 
wine is contained. It is much used in medicine, 
•and in various arts, particularly dyeing, under the 
name of cream of tiarUtr, and it is from this salt that 
the tartarous acid is obtuned. * 

CAROLINE. 

But the medicinal cream of tartar is in app^aar- 

ance quite different from these dark coloured dregs ; 
it is perfectly colourless* 

MRS* B* 

Because it consists of the pure salts only, in its 
crystallized form; whilst in the instance before 
us it IS mixed with the deep-coloured extractive 
matter, and other foreign ingredients. . 

EMILY. 

Pray cannot we now obtain pure alcohol from 
the brandy which we have distilled ? 

MRS. B. 

We might ; but th^ process wonld be tedioos ; 

for in order to obtain alcohol perfectly free from 
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water, it is necessary to distil, or, as the distillers 
caU it, rtciify it several tunes. You must, there- 
finr^ allow me to produce a bottle oC alcohol .that 
has been thus purified. This is a very importsint 
ingredient, which has many striking properties, 
besides its forming the baisis of all spirituous 11* 
quors. 

EMILT. 

It is alcoholi I suppose, that produces intoxica- 
tion? 

MRS. B. 

Certauily; but the stimulus and momentary 

energy it gives to the system, and the intoxication 
it occasions when taken in excess, are circum- 
stances not yet accounted for. 

CAROLINE* 

I thought that it produced these effects by 
increasing the rapidity of the circulation of the 
blood ; for drinking wine or spirits, I have heard, 
always quickens.the pulse. . 

» * « 

No doubt ; the spirit, by stimulating the nerves, 
increases the action of the muscles ; and the heart, 

which is one of the strongest muscular organs, 
beats with augmented vigour, and propels the 
blood with accelerated quickness*. After audi a 

l6 



strong excitation the frame naturally suffers a 
pfofvortioiial degree oS dqnnn^mi, «o tbal 4 stale 
of debiUtjr and languov k die invariable come- 

quence of intoxication. But though these cir- 
cumstance^ are well ascertained, they are far from 
ezplainiog wby alcohcd should produce such e&cts. 

SMIXiY. 

Liqueurs are the only kind of spirits which I 
thin^: pleasant Pray of what do they consist ? 

MRS. B. 

They are composed of aloobolt swecBtepeil with 

syrup, and flavoured with volatile oil. 

The different kinds of odoriferous spirituous 
waters are likewise solutions of volatile oil in al* 
Gohol, as lavender wateiv ean de Cologne, &c« 

The chemical properties of alcohol are import- 
anl and ntttnsreus. It is one of the most powerful 
cbemipal agents^ and is porticiilarly usefiil in dis^ 
solving a variety of substances, which are soluble 
neither by water nor heat* 

We have seen it dissolve copal and mastic to 
form varnishes ; and these resins are certainly^ not 
sohiUe in water, since water precipitates drnt 

from their solution in alcoboL 
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I am happy to find that you recollect these cir- 
cumstances so well* The same experiment affords 

also an instance of another property of alcohol, — 
its tendency to unite with water ; for the resin is 
precipitated in consequence of losing the alcoboU 
which abandons it from its preference for water. 
It* is attended also, as you may recoUecti with the 
same peculiar circumstance of a disengagement 
of heat and consequent diminution of bulk, which 
we have supposed to be produced by a mechanical 
penetration of particles by which latent heat is 
forced out* 

Alcohol unites thus readily not only with resins 
and with water, but with oils and balsams ; tliese 
compounds form the extensive dass of elixlrsy 
Uncturesy quintessences^ tit* 

I suppose that alcohol must be highly combus- 
tible^ since it contains so large a proportion of 
hydrogen ? 

MRS. B. 

Extremdy so; and it will bum at a very mo- 
'derale tempefBlttr& 

I hav«, oftm seat- both brandy and spirit of 



230 



DECOMPOSITION' 



w ine burnt ; they produce a great deal of flame, 
but not a proportional quantity of heat^ and no 
smdce whatever. 

The last circumstance arises from their com- 
bustion being complete; and the disproportion 
between the flame and heat shows you that the^e 

are by no means synonymous. 

The great quantity of flame proceeds from the 
combustion of the hydrogen to which, you know, 
that manner of burning is peculiar. — Have you 
not remarked also that brandy and alcohol will 
bum without a wick?— * They take fire at so low 
a temperature^ that this assistance is not required 
to concentrate the heat and volatilize the fluid. 

■ ^ • 

CAROLINE. 

I have sometimes seen brandy burnt by merely 
heating it in a spoon. 

MRS. B. 

The rapidity of the combustion of alcohol may, 
however, be prodigiously increased by first vo- 
latilizing it. An ingenious instrument has been 
constmeted on this principle to answer the pur- 
pose of a blow-pipe, which may be used for melting 
glass, or other chemical purposes. It consists of 
a smidl metallic vessel (Px^ts XIIL fig< 2.) of a 
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afdiemal sbape^ which oontains the alcohol, and U 
heated by the lamp beneath it; as soon as the alco- 
hol is volatilized, it passes through the spout ot* 
the vessel, and issues just above the wick of the 
lamp, which immediately sets fire to the stream of 
vapour, as I shall show you — 

EMILY. 

• 

With what amazing violence it bums ! The 
flame of alcohol, in the state of vapour, is, I fancy, 
much hotter than when the spirit is merely burnt 
in a spoon ? 

MBS. B. 

Yes ; because in this way the combustion goes 
on much quicker, and, of course, the heat is pro- 
portionally increased* - Observe its eifcct on this 
small glass tube, the middle of which I present 
to the extremity of the flame, where the heat is 
greatest. 

CAROLINE. 

The glass, in that spot, is become red hot, and 
bends from its own weight. 

MRS. B. 

I have now drawn it asunder, and am going to 
blow a ball at one of the heated ends: but I must 
'previously dose- it up, and flatten it with this Jittle 
metallic instrument otherwise the breath would 
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ptm tlurough the tube without diletiiig any part 
of it.-— Now Caroline, will you blow strongly into 
the tube whilst the closed end is red hot* 

EMILY. 

You blowed too hard ; for the ball suddenly di- 
lated to a great siz^ and then burst in pieces* 

MRS. B* 

You will be. more expert another time ; but I 
most caution jroot gboold you ever use thi» blow- 
pipe^ to be very carefiil that the oombustion of 
the alcohol does not go on with too great vio- 
lence^ for I have seen the flame sometimes dart^ 
out with such force as to reach the oppodte watt 
of the room, and set the paint on fire* There is, 
however^ no danger of the vessel bursting, as it is 
provided with a safety tub^ which affords an ad- 
dinonal yent for the vapour of alcohol when re* 

quired. 

The products of the combustion of alcohol con- 
•iat in a great proportion of water, and a small 
quantity of carbonic add* There is no smoke or 

fixed remains whatever. — How do you account 
for that, Emily? 

EMIJLT* 

I suppose that the oxygen which the alcoliol ab- 
sorba ia buniing^ converts its hydrogen into watei^ 
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and its carbon into carbonic acid gas, and thus it 
is completely consumed. 

MRS. B« 

Very well ^Ether, the lightest of all fluids, 

and with which you are well acquainted, is ob- 
tained from alcoho], of which it forms the ligiitest 
-and most volatile part. 

EMILT. 

Ether, theu^ is to alcohol^ what alcohol is to 
brandy ? 

^ AIRS* B. 

No : there is an essential difierenoe* In order 

to obtain alcohol from brandy, you need only de- 
prive the latter of its water; but for the formation 
of ether, the alcohol must be decomposed, and one 
of its constituents partly 8ubtracted«^ I leaye yoa 

10 guess which of them it is— 

EMILY* 

It cannot be hydrogen, as ether is more volatile 

than alcohol, and hydrogen is the lightest of all its 
ingredients: nor do I suppose that it can be oxygen, 
as alcohol contains so small a proportion ot that 
principle ; it is, therefore, most probably) carbon, 
a diminution of wliich would uot fail to render the 
new compound more volatile. 
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MR8.B. 

You are perfectly right. The formation of ether 
coDsists simply in subtracting from the alcohol a 
certain proportion of carbon ; this is effected by the 
action of the sulphuric, nitric, or muriatic acids, 
on alcohol. The acid and carbon remain at the 
bottom of the vessel, whilst the decarbonised alco- 
hol flies off in the form of a condensable vapour, 
which is ether. 

Ether is the most inflammable of all floids, and 
burns at so low a temperature that the heat evolved 
during its combustion is more than is required for 
its support, so that a quantity of ether is volatilized^ 
which takes fire, and gradually increases the vio* 
lence of the combustion. 

Sir Humphry Davy has lately discovered a very 

singular fact respecting the vapour of ether. If a 
few drops of ether be poured into a wine-glass, and 
a fine platina wire, heated almost to redness, be 
held suspended in the glass, close to the suriace of 
the ether, the wire soon becomes intensely red-hot, 
and remains so for any length of time. We may 
easily try the experiment 

CAROLINE. 

How very curious ! The wire is almost white 
hot, and a pungent smell rises from the glass- 
Pray how is this accounted for? 
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MRS* B« 

This is owing to a very peculiar property of the 
vapour of ether» and ind^ of many other combus* 
tible gaseous bodies. At a certain temperature 

lower than that of ignition, these vapours undergo 
a slow and imperfect combustion, which does not 
give rise, in any sensible degree, to the phenomena 
of light and flame, and yet extricates a quantity of 
caloric sufficient to re-act upon the wire and make 
it red*hot, and the wire in its turn keeps up the 
eflfect as long as the emission of vapour continues. 

This singular effect, which is also produced by 
alcohol, may be rendered more striking, and kept 
up for an indefinite length of time, by rolling a few 
coils of platina wire, of the diameter of from about 
l-60th to l-70th of an inch, round the wick of a 
spirit-lamp. If this lamp be lighted for a moment, 
and blown outa gain, the wire, after ceasing 
for an instant to be himinous, becomes red-hot 
again, though the lamp is extinguished, and re- 
' mains glowing vividly, till the whole of the spirit 
contained in the lamp has been evaporated and con- 
sumed in this peculiar manner. 

CAROLINE. 

That is extremely curious. But why should not 
an iron or silver wire produce the same effect ? 

MRS. B. 

Because either, iron or silver, beiog much bett^. 
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conductors of heat than pktina, the heat is carried 
off too fast by those metals to allow the accumula- 
tioii of caloric necenaiy to produce the dSect in 
qiMtion. 

Ether is so light that it evaporates at the com- 
mon temperature of the atmosphere ; it is therefore 
neoeMary to keep it confined by a well gronnd 
glass stopper. No degree of cold known has ever 
frozen it. 

CABOLINB. 

Is it not oflen taken medicinally ? 

BARS* B« 

Yes; it is one of the most effectual antispasmo- 
dic medicines, and the quickness of its effects, as 
such) probably depends on its beii^ inslandy con- 
verted into vapour by the heat of the stomach, 
through the intervention of which it acts on the 
nervous system. But the frequent use of ether, 
like that of spirituous liquors^ becomes prejudicial, 
and, if taken to excess, it produces effects similar 
to those of intoxication. 

We may now take our leave of the vinous fer* 
mentation, of which, I hope you have acquired a 
clear idea ; as well as of the several products that 
are derived from it. 

CAROUHB. 

Though this process appears, at first sigbt| so 
much ceniplicatedy it asaj^ I thinly be SMDAed 
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of sugar and fermentable bodies into alcohol and 
carbonic acidf whicli give rise both to the form- 
attiMi of wioc^ and of all kiads of spiritnous liquors* 

MRS. B. 

We shall now proceed to the acetous ferment" 
atioHf which is thus called, because it converts wine 
into Tinqpur, by the formation of the acetons acid^ 

which is the basis or radical of vinegar. 

CABOLINE. 

But is not the acidifying principle of the acetous 
acid the same as that o£ all other acids, oxygen ? 

MRS. B. 

Certainly : and on tliat account the contact of 

air is essential to this formentation, as it aflfords 
the necessary supply of oxygen. Vinegar, in order 
to obtain pure acetous acid from it, must be distill- 
ed and rectified by certain processes. 

EMILY. 

But pray, Mrs. B., is not the acetous acid fre- 
quently formed without this fermentation taking 
pSaee? Is it not, for instance, contained in.i^iid 
fruits,, and in every substance that becomes sour? 

HTRS. B. 

No, not in fruits; you confound it with the citric^ 
tkA malic, the oxalic, and other vegetable acjdsi to 



i¥hich living vegetables owe their acidity. Butwiien* 
ever a vegetable substance turns sour, after it has 
ceased to live, the acetous acid is developed by 
means of the acetous fermentatioiiy in which , the 

substance advances a step towards its final decom- 
position. 

Amongst the various instances of acetous fet^ 
mentation, that of bread is usually chssed. 

CAROLINE. 

But the fermentation of bread is produced by 
yeast; how does that effect it? 

MRS* 8« 

It is found by experience that any substance 
that has already undergone a fermentation^ will 
readily excite it in one that is susceptible of that 
process. If, for instance, you mix a little vinegar 
isvith wine, that is intended to be acidified, it will 
absorb oxygen more rapidly, and the process be 
complied much sooner, than if left to ferment 
spontaneously. Thus yeast, which is a product of 
the fermentation of beer, is used to excite and ac- 
celerate the fermentation of malt, which is to be 
converted into beer, as well as that of paste which 
is to be made into bread. 

CAROLINE. 

But if bread undergoes the acetous ferment^on^ 
why is it not sour ? 



MRS. B. 

It acquires a certain savour which corrects the 
heavy msipidity of flour, and may be reckoned a first 
degree of acidification ; or if the process were car- 
ried further, the bread would become decidedly acid. 

There are, however, some chemists wlio do not 
consider the fermentation of bread as being of the 
acetous kind, but suppose that it is a process of 
fermentation pecuHar to that substance. 

The putrid fermentdtion is the final operation of 
Nature, and her last step towards reducing organ- 
ised bodies to their simplest combinations. All ve- 
getables spontaneously undergo this fermentatioa 
after death, provided there be a sufficient degree 
of heat and moisture, together with access of air; 
for it is well known that dead plants may be pre- 
served by drying, or by the total exclusion of air. 

CAROLINE. 

But do dead plants undergo the other ferment- 
ation previous to this last; or do they immediately 

suffer the putrid fermentation ? 

MRS* B* 

That depends on a variety of circumstances, such 
as the degrees of temperature and of moisture, 
the nature of the plant itself, &c. But if you were 
carefully to follow and examine the decomposition 
of plants from their death to their final dissolution, 
you would generally find a sweetness developed ia 
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the seedsi and a spiriluous flavour in the firuiti' 
(which have undergone the saccbarine' fe ip t ft 

ation)) previous to the total disorganization aad 
separation of the parts. 

I have sometimes remaifced a kind of spiritaons 
taste in fiiiits that were overripe, especially oranges, 
and this was just before they became rotten. 

MRS* B* 

It was then the vinous fermentation which had 
succeeded the saccharine^ and had you (bllowed up 

these changes attentively, you would probably have 
found the spirituous taste followed by acidity, pre- 
vious to the fruit passing to the state of putrefaction^ 

When the leaves fall from the trees in autumn, 
they do not (if there is no great moisture in the 
atmosphere) immediately undergo a deoompositioni 
but are first dried and withered; as soon, however, 
as the rain sets in, fermentation commences, their 
gaseous products are imperceptibly evolved into 
the atmosphere and their fixed remains mixed 
witli their kindred earth. 

Wood, when exposed to moisture, also under- 
goes tb« putrid fermentation and becomes rotten. 

But I have heard that the drj/ ro/, which is sa 
liable to destroy the beams of houses, is prevented 

18 



by a carrent of rir ; mid yet yov taid^liii air was 
eitential to the putrid fermentation ? 

MRS. B. 

True; but it must not be iu such a prof^rtion to 
the moisture as to dissolve the latter, and^ this is 
generally the case when the rotting of wood is pre* 
Tcnted or stopped by the free access of air. What 
is commonly called dry rot, howevei^ is not^ I be- 
liere, a true process of putre&ction. It is supposed 
to depend on a peculijir kind of vegetation, which» 
by feeding on the wood, gradually destroys it. 

Straw and all other kinds of viegetable inatte^ 
undergo the putrid fermentation more rapidly when 
mixed with animal matter. Much heat is evolved 
during this process, and a variety of volatile pro- 
ducts are disengaged, as carbonic acid and hydro- 
gen gas, the latter of which is frequently either 
sulphurated or phosphorated. — When all these 
gises have been evolved, the fixed products, con- 
sisting oi carbon, small quantities of salts, potash, 
&c. foim a kind of vegetable earth, which makes 
very fine manure, as it is composed of those ele- 
ments which form the immediate materials of plants* 

.CAAOLIN£* 

Pray are not vegetables sometimes p re se rv ed 

from decomposition by petrification ? I have seen 
very curious specimens of petrified vegetables, in 
which state they perfectly prsserve their fcrm' 
vou II* M 



changed to stew* 

BfRS* B* 

That k a kind of metamorphosisi which, now 
that you are tolerably well versed in the history of 

mineral and vegetable substances, I leave to your 
jadgment to explain. Do you imagine that ve- 
getables can be converted into stone ? 

EMILY. 

No, certainly; but they might, perhaps, be 
changed to a substance in appearance resembling 
stone. 

MRS* B* 

It is not so, however, with the substances that 

are called petrified vegetables ; for these are really 
Itone, and generally of the hardest kind, oilen con- 
(risting chiefly of ailex. The ease is this: when a 
vegetable is buried under water, or in wet earth, it 
is slowly and gradually decomposed. As each 
successive particle of the vegetable is destroyed, its 
place is supplied by a particle of siliceous earth, 
conveyed thither by the water. In the course of 
tpae the vegetable is entirely destroyed, but the sUex 
baa completely replaced it, having aauimed tis torn 
and apparent texture, as if the vegetable itself wort; 
ctianged to stoo^* 
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That is very curious i and I suppose that petri- 
fied aDimal subatances are of the same nature? 

'MAS* B» 

Precisely* It Is equally impossible for either 
-animal or vegetable substances to be converted into 
«IODe. They nwy be i^uced, as we find they are^ 
by decomposition, to their constituent elements, but 
cannot be changed to elements which do not enter 
•into th^ compositkm. 

There are, however, circumstances which fre- 
quently prevent the regular and final decompo- 
sition of vegetables : as, for instance*^ when tbegr jure 
buried either in the sea, or in the earth, where they 
cannot undergo the putrid fermentation for want 
of air. In these cases they are subject to a pecu- 
liar change, by which they ate converted into a 
new dass of compounds^ called Utumem. 

CAROLINE. 

These are substances I nev^ heard of tefoite. 

'Mm. B* 

You will find, however, that some of tliem are 
v^ fatniliar to ydu. Bitumentt am-^feg&uMeii m 
'detMytnposed as 'to Main no organic appear- 
ance; but their origin is easily detected by their 
oily nator^ their combu&tibili^, the preduess #f 

m2 



244 



DECOMFOSI/riOli 



their analyiif* and the impwiiiop» of the fimns of 
leaves, grains, fibres of wood» and even of animalst 

which they frequently bear. 

They are sometimes of an oily liquid consistence, 
as the sabstanoe called ^ nafikof in which we pre- 
served potassium ; it is a fine transparent colourless 
fluidf that issues out of clays in some parts of 
Persia* But more fireqnently bitoiniens aresplidy 
as aspiaUuHh a - smooth, haid, brittle sabstanoe, 
which easily melts, and forms, in its liquid state, a 
beantifiil dark brown colour for oil painting. Jet, 
which is of a still harder texture, is a peculiar 
bitumen, susceptible of so fine a polish, that it is 
used for many ornamental purposes. 

' Coal is also a bituminous, substance, to the com* 
position of which both the mineral and animal 
kingdoms seem to concur. This most useful mi- 
neral appears to consist chiefly of vegetable matter, 
mixed with the remains of marine animak and ma« 
rine salts, and occasionally containing a quantity 
of sulphuret of iron, commonly called pyrites. 

. EMILY. 

It is, I suppose, the earthly, the metallic, and 
the saline parts of coals, that compose the cinders 
or fixed products of their combustion ; whilst the 
hydrogen and carbon, which they derive from ve- 
getabie% constitHle their volatile products. 
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CABOLINS. 

Pray is not coket (which I have heard is much 
used in some manufacturesi) also a bituminous snb- 

btance ? 

MRS* B« 

• No ; it is a kind of fuel artificially prepared from 
coals. It conaists of coab reduoed to a Bubatance 
analogous to diarooal, by the evaporation of their 
bituminous parts. Coke, therefore, is composed of 
carbon, with some earthy and saline ingredients. 

Smeiftf or ydkm amber^ is a bitumen which the 
ancients called electruniy from whence the word 
electricity is derived, as that substance is peculiarly, 
and was once supposed to be exclusively, electric. 
It is found either deeply buried in the boweb of the 
earth, or floating on the sea, and is supposed to be 
a resinous body which has been acted on by aul- 
phuric acid, as its analysis shows It to consist of an 
oil and an acid. The oil is called oil of ambers 
the acid the succinic. 

EMILY. 

That oil I have sometimes used in pamting^ as it 
is reckoned to change less than the other kinds of 

oils. 

MRS. B. 

The last class of vegetable substances that have 
changed their nature are JossU^woody peat, and Avt;^ 

M 3 



These are composed- of wood and roots <si shmbs) 
that are pardy decomposed by being exposed to 
moisture under ground, and ^et, in some measure, 
preserve their form and organic appearance. The 
peat, or black earth of the moors, retains but few 
vestiges of the roots to which it owes its richness 
and oombustibility, these substances being in the 
course of time vedliced to the state of vegetable 
earth. But in turf the roots of plants are still dis- 
cernible, and it equally answers the purpose of fuel. 
It is the combustible used by. the poor in heathy 
countries, which supply It abundantly. 

It is too late this morning to enter upon the 
history of vegetatioot We shall reserve tliis snb^ 
jeety ^vefore^ for our next interview, when I expeet 
that it will furnish us with ample matter for another 
conversation* 
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Mas. 

li HE VEGETABLE KINGDOM may be Considered 
as the link which unites the mineral and animal 
creaticMi into one oommon dbaiu of beings; tor it 
is Arougb the means of vegetation alone that mU 

neral substances are introduced into the animal 
system ; since^ generally speaking, it is from ve- 
getables that oU aninukls ultimately derive theur 

CABOUNS. 

I do> not understand that; the human species 

subsists as much on animal as on vegetable food, 
and there are some carnivorous animals that will 
eat only animal food. 

MRS* JB« 

That is true; tnit you do not consider that 

those that live on animal food, derive their suste- 
nance eywUy, duNigh not so immediately^ from 

M 4 
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TCfetablek Tbemeatwhich weeftt itfeittied from 
the herbs of the fiddf and the prey of ounifo* 
rous animals proceeds, either directly or indirectly, 
from the same source* It is, therefore, through 
this channel that the simple elements become a 
part of the animal frame. We should in vain at- 
tempt to derive nourishment from carbon, hydro-, 
gen, and oxygen, either in their separate stat^ 
or combined in the mineral kingdom; for it is 
only by being united in the form of vegetable com- 
bination that they become capable of conveying 
nourishment. 

£MILY. 

^ Vegetation^ then, seems to be the method which 

Nature employs to prepare the food of animals ? 

AfRS. B. 

' That is eertainly its principal olgect The ve- 
getable creation does not exhibit more wisdom in 
that admirable system of organization, by which 
it is enabled to answer its own immediate ends of 
preservation, nutrition, and propagation, than in 
its grand and ultimate object of forming those ar- 
rangements and combinations of principles^ which 
are so well adapted for the nourishment of animals. 

EMILT. 

But I am very curious to Joipw whence v^(e*. 
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teUee obtBUi those principkv whidi form' their im- 
mediate materials ? . 

MBS. B. 

This is a point on which we are yet so much in 
the dark, that I cannot hope fully to satisfy youc 
cariosity; bat what little licnow on this subject 
I will endeavour to explain to you. 

The soil, which, at first view, appears to be the 
aliment of vegetables, is found, on a closer in- 
vestigation, to be little more than the channel 
through which they receive their nourishment ; so 
that it is very possible to rear plants without any 
earth or soil. 

« 

CAROLIKB. 

Of that we have an instance in the hyacinth and 
other bulboas roots, which will grow and blossom 

beautifully in glasse of water. But I confess I 
should think it would be diiEcult to rear trees in 
a simihir manner. 

MRS. B. 

No doubt it would, as it is the burying of the 
roots in the earth that supports the stem of the 
tree. But this office besides that of affiyrding a 
vehicle for food, is iiir the most important part 
which the earthy portion of the soil performs in 
tht'prooesiof vegetation; for we can discover i by 
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Mxmiymf. but an ei Btrwndy smatt propcnilkNii of 
earth in vegetable compounds. 

cAitoLnrs. 

But if earths do not afford nourishment, why is 
it necessary to be so attentive to the preparation^ 
of the- soil ? 

MRS* B. 

In order to impart to it those qualities wbtdi 
render it a proper vehicle for the food of the plant. 
Water is the chief nourishment of vegetables ; i^ 
therefore^ the soil be too sandy^ it will not retain a 
quantity of water sufficient to supply the roots of 
the plants. If, on the contrary, it abounds too 
much with clay, the water will lodge in sudi quan- 
titiea as to threaten a decomposition of the roots. 
Calcareous soils are, upon the whole, the most 
&vourable to the growth of plants ; soils are, there- 
fore^ usually improved by chalk, whicb^ you may 
recollect, is a carbonat of lime. Diflerent vege> 
tables, however, require different kinds of soils. 
Thus lice demands a moist retentive soil ; potatoes 
a soft stfidy soil; wheat a Gm and rich soil. 
Forest-trees grow better in fine sand than in a stiff' 
clay ; and a light ferruginous soil is best suited, to 
fiwit^treea. 

CAROLINE. 

Btti pntj ^pvbat is the use of manuring thrseiif 



Digitized by Google 



VSaSTATIOlf* 



251 



ManureooDsittsofaUkiiidaofsalMtaiioeB^ whether 

of vegetable or animal origin, which have under- 
gone the putrid fermentation, and are consequently 
decomposed^ or nearly aOf into their elementary 
principles. And it is requisite that these vegetable 
matters should be in a state of decay, or approach- 
ing decomposition. The addition of calcareous 
earth, in the state of ebalk or Hme^ is benefirial to 
such soils, as it accelerates the dissolution of vege- 
table bodies. Now, I ask you, what is the utili^ 
of supplying the soil with these deconqfiosed sub- 
stances? 

CAOOUNf. 

It is, I suppose, in order to iiimish vegetable^ 

with the principles which enter into their compo- 
sition. For manures not only contain carbon, 
hydrogen, and oxygen, bat by their decomposition 
supply the soil with these prinetples in their ele- 
mentary ibrm. 

Undoubtedly; and it is for this reason that the 
finest crops are produced in fields that were for* 
merly covered with woods, because their soil is 
composed of a rich mould, a kind of vegetable 
earthf which abounds in those principles. 

. £MILY. 

Has. acconats fiir the (rfontifttlnese of the ercfm 
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produced in America, where the country was, but 
a few years since, covered with wood. 

CAROLINE. 

But how is it that animal substances are reckoned 
to produce the best manure? Does it not appear 
much inore< natural that the decomposed elements 
of vegetables should be the most appropriate to the 
iprmation of new vegetables ? . . 

MRS. B. 

The addition of a much greater proportion of 
nitrogen, which constitutes the chief dif^ence 
between animal and. vegetable matter, renders the 
\. j^emposition of the former more complicated, and 
(Consequently more favourable to decomposition. 

Indeed the use of animal substances is chiefly to 
give the first impulse to the fermentation of the 
vegetable ingredients that enter into the composition 
of manures. The manure of a farm-yard is of 
that description ; but there is scarcely aiiy sub- 
stflince susceptible of midergoing the putrid fer* 
mentation that will not make good manure. The 
heat produced by the fermentation of manure is 
another drcnmstance which is extremely favour- 
able to vegetation ; yet this heat would be too 
* great if the manure was laid on the ground during 
the height of fermentation ; it is used in this statd ^ 
only for hotpbeds to produce melons, cucumbers, 
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and such vegetables as require a very high tempe* 
rature. 

CABOUNE. 

A difficulty has just occurred to me which I do 
not know how to remore. Since all organised 
bodies are, in the common course of nature^ uiti- 
mately reduced to their elementary state, they must 
necessarily in that state enrich the soil, and afibrd 
food for vegetation. How is it, then, that agricul- 
ture, which cannot increase the quantity of those 
elements that are required to manure the earth, 
can increase its produce so wonderfully as is found 
to be the case in all cultivated countries? 

It is by suffering none of these decaying bodies to 
be dispersed and wasted, but in applying them duly 
to the soil. It is also by a j udicious preparation of the 
soil, which consists in fitting it either for the general 
purposes of vegetation, or for that of the par- 
ticular seed which is to be sown. Thus, if the 
soil be too wet, it may be drained ; if too loose 
and sandy, it may be rendered more consistent 
and retentive of water by the addition of day or 
loam; it may be enriched by chalk, or any kind 
of calcareous earth. On soils thus improved, 
manures will act with double efficacy, and if 
attention be paid to spread them on the ground 
at a proper season of the year, to mix them with 
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the soil so that they may be generally diffused 
through itf to destroy the weeds which might apu 
propriate these nutritive principles to their own 
use, to remove the stones which would impede the 
growth of the plant, &c. we may obtain a produce 
an hundred fold more abundant than the earth 
would spontaneously supply, 

BMIX.T. 

We have a very striking instance of this in the 
scanty produce of uncultivated commons, com- 
pared to the rich crops of meadows which are 
occasionally manured* 

CAROLINE. 

But, Mrs. B., though experience daily proves 
the advantage' of cultivation, there is still a diffi- 
culty which I cannot get over. A certain quan- 
tity of elementary principles exist in nature^ which 
it is not in the power of man either to augment 
or diminish. Of these principles you have taught 
us that both the animal and vegetable creation are 
composed. Now the more of them is taken up by 
iBe' ^vi^geCaUe kiilgdomj the less, it would seem, 
will remain for animals ; and, therefore, the more 
H^Hpliknls the earth becomes, the less it will pro- 

-it^m?i ■■ ■ ' vBs. B.. . ' ; \ 
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rience every where contradlGts the inference you 
would. draw from it ; since we find that the asknal 
mi vegetable kiogdams^ instead of thiiyiog^ as 
yeo would suppose, at eaoti other^s expense, al^ 
ways increase and multiply together. For you 
should recollect that animals can derive the ele* 
ments of whidi they are formed only through tbt 
medium of vegetables. And you must allow that 
your conclusion would be valid only if every par- 
ticle of the several principles that could possiblj 
be spared from other purposes were employed in 
the animal and vegetable creations. Now we have 
reason to believe that a much greater proportion 
of these principles^ than is required for such pur- 
poses, remaint^ either in an elementary state, or 
engaged in a less useful mode of combination in 
the mineral kingdom. Possessed of such immense 
resources as the atmosphere and the waters aflbrd 
us, for oxygen, hydrogen, and carbon, so far from 
being in danger of working up all our simple ' 
materials^ we cannot suppose that we shall erer 
bring agriculture to such, a degree of perfection 
as to require the whole of what these resources 
could supply* 

Nature, however,, in thus furnishing, us with aa 
inexhaustible stock of raw materials, leaves it in 
some measure to the ingenuity of man to appro- 
priate them to its own purposes. But, like a kind 
pfeMitf die itimdiBtes him to exertion, by setting 
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the example and pointing out the way. For it is 
on the operations of nature that all the improTe- 
ments of art are founded. The art of agriculture 
consists, therefore, in discovering the readiest me- 
thod of obtaining the several principles, either 
iW>m their grand sources, air and water, or from 
the decomposition of organised bodies; and in 
appropriating them in the best manner to the pur- 
poses of vegetation. 

EMILT* 

But, among the sources of nutritive principles, 

I am surprised that you do not mention the earth 
itself, as it contains abundance of coals, which are 
chiefly composed of carbon* 

MRS. B. 

Though coals abound in carbon, they cannot, 
on account of their hardness and impermeable 

texture, be immediately subservient to the pur- 
poses of vegetation ; and we find, on the contrary, 
that coal districts are generally barren. 

EMILY. 

No; but by their combustion carbonic acid is 
produced; and this entering into various combin- 
ations on the surface of the earth, may, perhaps, 
anist in promoting vegetation* 

SIRS. 3* 

. Ph)b«Uy it nay in some d^ree; bot at any 
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rat^ the quantity of noarisbment which yegetables 
may derive irom that source can be but very 

triflmgi and must entireljr depend on local circum- 
stances. 

CAROLINE. 

Perhaps the smoky atmosphere of London is 
the cause of vegetation being so forward and. so 
rich in its vicinity? 

I rather believe that this circumstance proceeds 
from the very ample supply of manure, assisted, 
pc^haps^ by the warmth and shelter which the 
town affords. Far from attributing any good to 
the smoky atmosphere of London, I confess I like 
to anticipate tlfe«time when we shall have made 
such progress in the art of managing combustion, 
that every particle of carbon will be consumed, 
and the smoke destroyed at the moment of its pro« 
duction. We may then expect to have the satis- 
faction of seeing the atmosphere of London as 
clear as that of the country. — But to return to our 
subject : I hope that you are now convinced that 
we shall not easily experience a deficiency of na« 
tritive elements to fertilize the earth, and that, 
provided we are but industrious in applying them 
to the best advantage by improving the art of 
agriculture, no limits can be assigned to the fruits 
that we may expect to reap from our labour^. 
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Yes; I am perfectly satisfied in that respect, 
and I can assure you that I feel already much 
more interested in the progress and improvement 
of agriculture* 

EMILY. 

I have frequently thought that the culture of 
the land was not considered as a concern of suflS- 
cient importance. Manufactures always take the 
lead: and health and innocence are frequently 
sacrificed to the prospect of a more profitable em- 
ployment. It has often grieved me to see the 
poor manufacturers crowded together in close 
rooms, and confined for the whole day to the most 
uniform and sedentary emplo3rmsRt, instead of 
being engaged in that iunoceut and salutary kind 
of labours which Nature seems to have assigned to 
man for the immediate acquirement of comfort» 
and for the preservation of his existence. I am sure 
that you agree with me in thinking so» Mrs« B. ? 

MRS. jB. 

I am entirely of your opinion, my dear, in 1*6^ 
gaMi to the importance of agriculture; but as the 
conveniences of life, which we are all enjoying, 
are not derived merely from the soil, I am far 
fh>m wishing to depreciate manufiictures. Be** 
lides^ as the labomr of one man is suffcient to pro* 
duce food ibr several, those whose industry is not 
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veqiiired In tillage must do aometlilng ia retani 

for the food that is provided for them. They 
exchange, consequently, the accommodations fix 
the necessaries of life. Thus the carpenter and 
the weaver lodge and clothe the peasant, who sup- 
plies them with their daily bread. The greater 
stock of provisionsfy therefore, which the busband*- 
man produces, die greater is the quantity of ac- 
commodation which the artificer prepares. Such 
are the happy efifects which naturally result from 
civilised society* It would be wiser, therefore, to 
endeavour to improve the situation of those who are 
engaged in manufactures, than to indulge in vain 
declamations on the hard^ihlps to which they are 
too frequently exposed. 

But we must not yet take our leave of the sub* 
ject of agriculture ; we have prepared the soil, it 
remains for us now to sow the se^. In this oper- 
ation we must be careful not to bury it too deep 
in the ground, as the access of air is absolutely 
necessary to its germination; the earth must, 
therefore,, lie loose and light over it, in order that 
the air may penetrate. Hence the use of plough- 
ing and digging, harrowing and raking, &c. A 
certain d^ree of heat and moisture, such as usually 
takes place in the spring, is likewise necessary. 

Que. would imagine you were going to describe 
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the decomporition of an old plant, rather than the 
formation of a new one : for you have enumerated 
all the requisites of fermentation. 

MRS. B. 

. Do you forget, my dear, that the young plant 
derives its existence from the destruction of the 
seed, and that it is - actually by the saccharine 
fermentation that the latter is decomposed ? 

CAROLINE. 

. True ; I wonder that I did not recollect that. 
The temperature and moisture required for the 
germination of the seed is then employed in pro- 
dadng the sacchitrine fermentation within it? 

• 

uns. B. 

Certainly. But, in order to understand the 
nature of germination, you should be acquainted 
with the different parts of which the seed is com- 
posed. The external covering or envelope con- 
tains, besides the germ of the future plant, the 
substance which is to constitute its first nourish- 
ment; this substance, which is called the paretic 
ckyma, consists of fecula, mucilage^ and oil, as we 
formerly observed. 

The seed is generally divided into two compart- 
ments, called lobeSy or cotyledons^ as is exempli- 
fied by this bean (Plate XV. fig* L) — the dark* 
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coloured kbd of string which diyides the lobes is 

called the radicle, as it forms the root of the 
plaaty and it is from a contiguous substance^ called 
fhrnadOf which is enclosed within the lobesi that 
the stem arises. The figure and nze of the seed 
depend very much upon the cotyledons; these 
vary in number in different seeds: some have <mly 
on^ as wheat, oats, barley, and all the grasses; 
some have three, others six. But most seeds, as 
for iastance, all the varieties of beans, have two 
cotyledons. When the seed is buried in the earth, 
at any temperature above 40 degrees, it imbibes 
water, which softens and swells the lobes; it then 
absorbs oxygen, which combines with some of its 
carbon, and is returned in the form of carbonic 
acid. This loss of carbon increases the compara- 
tive proportion of hydrogen and oxygen in the 
seed, and excites the saccharine fermentation, by 
which the parenchymatous matter is converted 
into a kind of sweet emulsion. In this form it is 
carried into tlie radicle by vessels appropriated to 
that purpose; and in the mean tim^ the fer- 
mentation having caused the seed to burst, the 
cotyledons are rent asunder, the radicle strikes 
into the ground and becomes the root of the plant, 
and hence the fermented liquid is convqred to 
the plumuk, whose vessels have been previously 
distended by the heat of the fermentation. The 
plumula being thus swelled, as it were, by the 
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mmUve fluidy nuset itself and sjuringt up id tb* 
•arfaoe iif the eartli^ bearing witb it d» oolyle* 

donsy which, as soon as they come in contact with 
the ak^ spread ifaemselTeti and are tcaniibrmed 
inCoIeaTee.-*-'If we go into the garden, we AM 

probably find some sced^ ia the state which I have 
described. 

EMILY. 

Here are some lupines that are jast making their 
appearance above ground. 

MRS* B< 

We shall take up several of them to observe 
their different degrees of progress in vegetation. 
Here is one that has but recently burst its enve- 
lope — do you see the little radicle striking down- 
wards? (Plate XV. fig 2.) In this the plu- 
mula is not yet visible. But here is anolLer in a 
greater state of forwardness — the plumuia, or 
stem, has risen out of the ground, and the cotyle- 
dons are converted into seed-leaves. (Plate XV. 

CAROLINE* 

These leaves are very thick aud clumsy, and 
«nlike the other leaves, whifih i perceive are just 
i^l^nning to appear. 

MtlS. B. 

' It ,18 beoaiuse they retain the remams of Ibe-pa* ' 

•3 
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renchymay with which they still continue to nou« 
rish the young plant, as it has not yet sufficient 
roots and strength to provide for its sustenance 

from the soil. — But, in this third lupine (Plate 
X'lV. £g. 4.) the radicle had sunk deep into the 
earifa, and sent ont several shoots, each of which 
is furnished with a mouth to suck up nourishment- 
from the soil ; the function of the original leaves, 
tfaereibre, being no longer required, they are gra* 
dually decaying, and the plumula is become a 
regular stem, shooting out small branches, and 
spreading its foliage. 

£M1LY. 

There seems to be a v M*y sti iking analogy 
between a seed and an egg; both require an ele- 
vation of temperature to be brought to life.; both 
at first supply with aliment the organised being 
which they produce; and as soon as this has 
attauied sufficient strength to procure its own 
nourishment, the egg-shell breaks, whilst in the 
plant the seed-leaves fall ofl; 

MRS. B. 

There is t:ertainly some resemUance between 
these processes ; «nd when you become acquainted 

with animal chemistry, you will frequently be 
struck with its analogy to that of the vegetable 
kungdom* 
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As toon as the yoong plant feeds from the soii 

it requires the assistance of leaves^ which are the 
organs by which it throws off its super-abundant 
fluid; this secretion is much more plentiful in the 
vegetable than in the animal creation, and the 
great extent of surface of the foliage of plants is 
admirabl)^ calculated for carrying it on in suffici- 
ent quantities. This transpired fluid consists of 
little more than water. The sap, by this process, 
is converted into a liquid of greater consistence, 
which is fit to be assimilated to its several parts» 

£MILT« 

Vegetation, then, must be essentially injured 
, by destroying the leaves of the plant? 

MRS. B. 

• 

Undoubtedly; it not only diminishes the trans*- 
piration, but also the absorption by the roots; for 
the quantity of sap absorbed is always in propor- 
tion to the quantity of fluid thrown off by trans- 
piration. You see, therefore, the necessity that 
a young plant should unfold its leaves as soon as 
it begins to derive its nourishment from the soil ; 
and, accordingly, you will find that those lupines 
which have dropped their seed-leaves, and are no 
longer fed by the parenchyma, have spread their 
foliage, in order to perfom the office just de^: 
scribed. 
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' But I should inform you that this function of 
transpiration seems, to be confined to the upper 
surface of the leaves, whilst, on the contrary, the 
lower surface, which is more rough and uneven, 
and furnished with a kind of hair or down^ is 
destined to absorb moisture^ or such other ingre- 
dients as the plant derives from the atmosphere. 

As soon as a young plant makes it appearance 
above ground, light) as well as air, becomes ne- 
cessary to its preservation. Light is essential to 
the developement of the colours, and to the thriving 
of the plant* You may have often observed what 
a predilection v^tables have for the light. If you 
make any plants grow in a room, they all spread 
their leaves, and extend their branches towards the 
windows. 

CAROLINE. 

» 

And many plants close up their flowers as soon 
as it is dark. 

EMILY. 

But may not this be owing to the cold and 
dampness of the evening aur ? 

MR8. B. 

. That does not appear to be the case ; for- in a 
course of curious experiments, made by Mr. Sene* 

bier of Geneva, on plants which he reared by lamp- 

VOL. U. K 
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lights he found that the flowers closed their petals 
whenever the lamps were extuiguifthed* 

But pray why is air essential to v^tadon? 
Plants do not breathe it like animals. 

Sf R8« 6* 

At least not in the same manner ; but they cer-^ 
tainly derive some principles from the atmosphere* 

and yield others to it. Indeed, it is chiefly owing 
to the action of the atmosphere and the vegetable 
kingdom on each others that the air continnes al- 
ways fit for respiration. But you will understand 
this better when I have explained the efifect of water 
on plants. 

I have said that water forms the chief nourish- 
ment of plants: it is the basis not only of the sap, 
but of all the vegetable juices. Water is the 
vehicle which carries into the plant the various salts 
and other ingredients required for the formation 
and support of the vegetable system. Nor is this 
all : part of the water itself is decomposed by the 
organs of the phmt ; the hydrogen becomes a con- 
stituent part of oil, of extract, of colouring mat- 
ter &c., whilst a portion of the oxygen enters 
into the formation of mucilage^ of fecula, of sugar» 
and of vegetable acids. But the greater part of 
tli^ oxygeU) proceeding from the decomposition 
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of the water, is converted into a gaseous state by 
the caloric disengaged from the hydrogen during 
its condensation in the formation of the vegetable 
materials. In this state the oxygen is transpired 
by the leaves of plants when exposed to the sun's 
rays. Thus you find that the decomposition of 
water, by the organs of the plant, is not only a 
means of supplying it with its chief ingredient, 
hydrogen, but at the* same time of replenishing 
the atmosphere with oxygen, a principle which 
requires continual renovation, to make up for the 
great consumption of it occasioned by the numer* 
ous oxygenations, combustions, and respirations, 
. that are constantly taking place on the surface of 
the globcb 

EMILY. 

What a striking instance of the harmony of 

nature ! 

MRS* B« 

And how admirable the design of Providence, 

who makes every different part of the creation 
thus contribute to the support and renovation of 
each other ! 

But the intercourse of the vegetable and animal 
kingdoms, through the medium of the atmosphere, 
extends still further. Animals, in breathing, not 
only consume the oxygen of the air, but load it 
with carbonic acid, which, if accumulated in the 
atmosphere, wouldy in a short tim^ render it 

k2 
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totally unfit for respiration. Here the vegetable 
kingdom again interferes: it attracts and decom- 
poses the carbonic acid, retains the carbon for its 

own purposes, and returns the oxygen for our's. 

Caroline; 

How interesting this is ! I do not know a more 
beautiful illustration of the wisdom which is dis- 
played in the laws of nature. 

MRS. B. 

^ Faint and imperfect as are the ideas which our 
limited perceptions enable us to form of divine 

wisdom, still they cannot fail to inspire us with 
awe and admiration. What, then, would be our 
feelings, were the complete system of nature at 
once displayed before us ! So magnificent a scene 
would probably be too great for our limited and 
imperfect comprehension; and it is, no doubt, 
among the wise dispensations of Providence, to 
veil the splendour of a glory with which we should 
be overpowered. But it is well suited to the nature 
of a rational being to explore, step by step, the 
works of the creation, to endeavour to connect 
them into harmonious systems ; and, in a word, to 
tracer in the chain of beings, the kindred ties and 
benevolent design which unites its various links, 
and secure its preservalion« 



Y£0£TATION. 



269 



' CAROLINE. 

But of what nature are tbe organs of plants 
which are endued with such wonderful powers ? 

MRS. B* 

They are so minute that their structure^ as well 
as the mode in which they perform their runctioius 
generally elude our examuiation ; but we may con- 
sider them as so many vessels or apparatus appro- 
priated to pertbim, with the assistance of the 
principle of Hfe, certain chemical processes, by 
meafis of which tliese vegetable compounds are 
generated* We may, however, trace the tannui« 
resins, gum, mucilage, and some other vegetable 
materials, in the organized arrangement of plants^ 
in which they form the barky the woody the leaves, 
'flowers, and seeds* 

The bark is composed of the epidermis^ the pe- 
rench^ma, and the cortical lasers* 

The epidermis is the external covering of the 
plant. It is a thin transparent membrane, consist- 
ing of a number of slender fibres, crossing each 
other, and forming a kind of net^work. When of 
a white glossy nature, as in several species of trees, 
in the stems of corn and of seeds, it is composed of 
a thin coating of siliceous earth, which accounts 
for the strength and hardness of those long and 
slender stems. Sir H. Davy was led to the disco- 
very of the siliceous nature of the epidermis of 
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such plants, by obierving the dngular phenomeDon* 
of sparks of fire emitted by the ooHisioii of ratan 

canes with which two boys were fighting in a dark 
room. On analysing the epidermis of the cane, he 
found it to be aknost entirely siliceons* 

CAROLINE. 

With iron, then, a cane, I suppose, will strike 
fire very easily ? 

MRS* B« 

. I understand that it wilL — In ever-greens the 
epidermis is mostly resmous, and in . some few 

})Iants is formed of wax. The resin, from its want 
of afiinity for water, tends to preserve the plant 
from the destructive e£^t8 of violent rains, severe 
climates, or inclement seasons, to which this species 

of vegetables is peculiarly exposed. 

EMILY* 

Resin must preserve wood just like a varnish, as 
it is the essential ingredient of varnishes ? 

MBS* B* 

Yes; and by this means it prevents, likewise all 
unnecessary expenditure .of moisture. 
The parenchyma is bnmediately beneath the 

epidermis; it is that green rind which appears 
when you strip a branch of any tree or shrub oi 
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its extenial coat of bark. The parenchyma is not 
confined to the stem or branches, but extends over 
every part of the plant It forms the green matter 
of the leaves, and is composed of tubes filled with 
a peculiar juice. 

The cortical layers are immediately in contact 
with the wood ; they abonnd with tannin and gallic 
acid, and consist of small vessels through which 
the sap descends after being elaborated in the leaves. 
The cortical layers are annually renewed, the old 
bark being converted into wood. 

EMILY. 

But through what vessels does the sap ascend ? 

MBS. B* 

That function is performed by the tubes of the 
alburnum, or wood, which is immediately beneath 
the cortical layers. The wood is composed of 
woody fibre, mucilage, and resin. The fibres are 
disposed in two. ways; some of them longitudi- 
nally, and these fi>rm what is called the silver 
grain of the wood. The others, which are con- 
centric, are called the spurious grain. These last 
are disposed in layers, firom the number of which 
the age of the tree may be computed, a new one 
being produced annually by the conversion of the 
bark into wood* The oldest, and consequently 
most internal part of the alburnum, is called 
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heart-wood ; it appears to be dead, at least no vital 
functions are discernible in it. It is through the 
tubes of the living albumuDi that the sap rises. 
These, therdbr^ spread into the leaves, and there 
communicate with the extremities of the vessels 
of the cortical layers, into which they pour their 
contents. 

CAROLINE. 

Of what use, then, are the tubes of the pareri- 
chyma, since neither the ateending nor descending 
sap passes through them ? 

MRS. B. 

. Thqr are supposed to perform the important 
function of secreting from the sap the peculiar 
juices from whicli the plant more immediately de- 
rives its nourishment. These juices are very con- 
spicuous, as the vessels which contain them are 
much larger than those through which the sap 
circulates. The peculiar juices of plants difier 
much in their nature, not only in different spe- 
cie6 of vegiBtables, but frequently in different parts 
of the same individual plant : they are sometimes 
saccharine, as in the sugar-cane, sometimes resin- 
ous, as in firs and evergreens, sometitaies of a milky 
appearance, is in the laurel. 

EMILY. 

J have oft^n observed, that in breaking a young 
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lihooti or in bruisiDg a leaf of laurel, a milky juice 
will ooase out m great abundance. 

MRS* B« 

And it is by making incisions in the bark that 
pitchi tar, and turpentine are obtained from iir- 
treen. The durability of this species of wood is 
chiefly owing to the resinous nature of its peculiar 
juices. The volatile oils have, in a great mea- 
sure, the same preservative efiPects, as they defend 
the parts, with which they are connected, from 
the attack of insects. This tribe seems to have 
as great an aversion to perfumes, as. the human 
species have delight in them. They scarcely ever 
attack any odoriferous parts of plants, and it is 
not uncommon to see every leaf of a tree destroyed 
by a blight, whilst the blossoms remain untouched. 
Cedar, sandal, add all aromatic woods, are, on this 
account, of great durability. 

EMILY. 

But the wood of the oak, which is so much 
esteemed for its durability, has, I believe^ no 
smell. Does it derive this quality from its hard* 
ness alone ? 

MRS* B* 

Not entirely; for the chesnut, though consi* 
de rably harder and firmer than the oak, is not so 
lasting; Hie dnmbility of the oak is, I believe, 
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in a great measure owing to iU having very little 
heart-wood» the albnriiiiin preserving its vttiil fiine- 
tions longer than in other trees* 

CAROLINE. 

If incisions arc made into the alburnum and cor- 
tical layers, may not the ascending and descend- 
ing sap be procured in the same manner as the 
peculiar juice is from the vessels of the paren- 
chyma ? 

MRS. B. 

Yes ; but in order to obtain specimens of these 
fluidsi in any quantity) the experiment must be 
made in the spring, when the sap circulates with 
the greatest energy. For this purpose a small 
bent glass tube should be introduced into the in- 
cision, through which the sap may flow without 
mixing with any of the other juices of the tree. 
From the bark the sap will flow much more plenti- 
fully than from the wood, as the ascending sap 
is much more liquid, more abundant, and more 
rapid in its motion than that which descends ; for 
the latter having been deprived by the operation 
of the leaves of a considerable part of its mois- 
ture, contains a much greater proportion of solid 
matter, which retards its motion. It does not ap- 
pear that there is any excess of descending 8ap» 
as none ever exudes from the roots of* plants; this 
process, therefore, seems to be carried on only in 
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proportion to the wants of the plant) and the sap 
descends no further, and in no greater quantity, * 
than is required to nourish the several organs. 
Therefore, though the sap rises and descends in 
the plant, it does not appear to undergo a real cir- 
culation. 

The last of the organs of plants is the JUfiser^ 

or blossom, which produces the fniits and seed. 
These may be considered as the ultimate purpose 
of nature in the vegetable creation. From fruits 
and seeds animals derive both a plentifiil souree of 
immediate nourishment, and an ample provision for 
the reproduction of the same means of subsistence. 

The seed ^hich forms the final product of ma- 
ture plants, we have already examined as consti- 
tuting the first rudiments of future vegetation. 

These are the principal organs of vegetation, by 
means of which the several chemical processes 
which are carried on during the life of the plant 
are performed. 

EMILY. 

But how are the several principles which enter 
into the composition of vegetables' so comlnned^ 

by the organs of the plant as to be converted into 
vegetable matter ? 

MR8.B. 

By chemical processes, no doubt; but the ap- 
paratus in which they are performed is so ex- 
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tremely minute as comptetely to dode-our escamiii' 
ation. We can form an opinion, therefore, only 
by the result of these operations. The sap k 
evidently composed of water, absorbed by the roots, 
and holding in solution the various principles whidb 
it derives from the soil. From the roots the sap 
ascends through the tubes of the alburnum into the 
stem, and thence branches out to every extremit}' 
of the plant. Together with the sap circulates a 
certain quantity of carbonic acid, which is gradu- 
ally;^ disengaged from the former by the internal 
heat of the plant. 

CAROLINE, 

What? have vegetables a peculiar heat, analo- 
gous to animal heat ? 

MRS. B« 

It is a circumstance that has long been sus- 
pected ; but late experiments have decided beyond 
a doubt that vegetable heat is considerably above 
that of unorganized matter In winter, and below 
it in summer. The wood of a tree, in its interior, 
is about sixty degrees, when the thermometer is at 
seventy or eighty degrees in the air.*^ And the 
bark, though so much exposed, is seldom below 
forty in winter. 

It is from the sap, after it has been elaborated 
by the leaves, that vegetables derive their nourish- 
ment i in its progress through the plant from the 
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leaves to the roots, it deposits in the several sets 
of vessels with which it cominuiiicates, the mate- 
rials on which the growth and nourishment of each 
plant depends. It is thus that the various peculiar 
juices, saccharine, oily, mucous, acid, and colour- 
ing, are formed; as also the more solid partly 
fecula, woody fibre, tannin, resins, concrete salts: 
in a word, all the immediate materials of vege- 
tables, as well as the organised parts of plants, 
which latter, besides the power of secreting these 
from the sap for the general purpose of the plant, 
have also that of applying them to their own parti* 
cular nourishment. 

EMILY* 

But why should the process of vegetation take 
place only at one season of the year, whilst a total 
inaction prevails during the other ? 

If us* B* 

Heat is such an important chemical agent, that 
its efifect, as such, might perhaps alone account for 
the Impulse which the spring gives to vegetation. 
But, in order to explain the mechanism of that 
operation, it has been supposed that the warmth 
of the spring dilates the vessels of plants, and pro* 
duces a kind of vacuum, into which the sap (which 
had remained in a state of inaction in the trunk 
during the winter) rises : this is followed by the 
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ascent of the sap contained in the roots» and room 
is thus made for fresh sap^ which the roots, in their 
turn, pump up from the soil. This process goes 
on till the plant blossoms and bears fruit, which 
terminates its summer career: but when the cold 
weather sets in, the fibres and vessels contract, 
the leaves wither, and are no longer able to perform 
their otfice of transpiration ; and as this secretion 
stops, the roots cease to absorb sap from the 
soil. If the plant be an annual, its life then 
terminates ; if not, it remains in a state of torpid 
inaction during the winter ; or the only internal 
motion that takes place is that of a small quantity 
of resinous juice, which slowly rises from the stem 
into the branches, and enlarges their buds during 
the winter. 

CAROLINE. 

* 

Yet, in evergreens, vegetation must continue 

throughout the year. 

MBS. B. 

Yes; but in winter it goes on in a very imperfect 
manner, compared to the vegetation of spring and 

summer. 

We have dwelt much longer on the history of 
vegetable chemistry than 1 had intended; but we 
have at length, I think, brought the subject to a 
conclusion. 
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CAROLINE. 

I rather wonder that you did not reserve the 

account of the fermentations for the conclusion ; 
for the decomposition of vegetables naturally 
follows their death, and can hardly, it seems, be 
introduced with so much propriety at any other 
period. 

It is difficult to determine at what point pre- 
cisely it may be most eligible to enter on the his* 

tory of vegetation ; every part of the subject is so 
closely connected, and forms such an uninter- 
rupted chain, that it is by no means easy to divide 
it. Had I begun with the germination of the 
seed, which, at first view, seems to be the most 
proper arrangement, I could not have explained 
the nature and fermentation of the seed, or have 
described the changes which manure must un- 
dergo, in order to yield the vegetable elements. 
To understand the nature of germination, it is 
necessary, I think, previously to decompose the 
parent plant, in order to become acquainted with 
the materials required for that purpose. I hop^ 
therefore, that, upon second consideration, you 
will find that the order which I have adopted, 
though apparently less correct, is, in fact, the best 
calculated for the elucidation of the subject* 
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CONVERSATION XXIII. 

ON THE COMPOSITION OF ANIMALS. 



MRS. B. 

We are now come to the last branch of chemis- 
try^ which comprehends the most complicated order 
of compound beings. This is the animal creation, 
the history of which cannot but excite the highest 
degree of curiosity and interest, though we often 
fail in attempting to explain the laws by which it is 
goyeraed. 

EMILY. 

But since all animals ultimately derive their 
nourishment from vegetables, the chemistry of this 
order of beings must consist merely in the con- 
venacm of vegetable into animal matter. ' 

MRS. B. 

Very true; but the manner in which this is 
effected is, m a great measure^ concealed from our 
observation. This process is called animalhationy 
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and is performed by peculiar organs. The differ- 
ence of the animal and vegetable kingdoms does 
noty however, depend merely on a different ar- 
rangement of combinations* A new principle 
abounds in the animal kingdom, which is but rarely 
and in very small quantities found in vegetables; 
this is nitrogen. There is likewise in animal sub* 
stances a greater and more constant proportion of 
phosphoric acid, and other saline matters. But 

these are not essential to the formation of animal 
matter. 

CAROLINA. 

Animal compounds contain, then, four funda- 

mcntai principles; oxygen, hydrogen, carbon, and 
nitrogen ? 

MRS. B« 

Yes; and these form the immediate materials of 

animals, which are gelalinCi albumen^ and Jibrine. 

EMILY. 

Are those all? I am surprized that animals 

should be composed of fewer kinds of materials 
than vegetables ; for they appear mucli more com- 
plicated in their organization. 

MRS. B. 

Their organization is certainly more perfect 
and intricate^ and the ingredients that occasionally 
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enter into their composition are more numerous. 
But notwithstandiDg the wonderful variety ob« 
servable in the texture of the aniinal organs^ we 
find that the original componnds, from which all 
the varieties of animal matter are derived, may be 
reduced to the three heads just mentioned. Animal 
substances being the most complicated of ali natural 
compounds, are most easily susceptible of decom- 
position, as the scale of attractions increases in 
proportion to the number of constituent principles. 
Their analysis is» however, both difficult and im- 
perfect ; for as they cannot be examined in their 
living state, and are liable to alteration immediately 
after death, it is probable that, when submitted to 
the investigation of a chemist, they are always more 
or less altered in their combinations and properties, 
from what they were, whilst they made part of the 
living animal. 

EMILY. 

The mere diminution of temperature, which they 
experience by the privation of animal heat, must, I 
should suppose, be sufficient to derange the order 
of attractions that existed durmg life. 

Bins. B. 

That is one of the causes, no doubt : but there 
are many other circumstances which prevent us 
from studying the nature of living animal sub« 
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Stances. We must, therefore, in a considerable de-> 

gree, confine our researches to the phenomena of 
these compounds in their inanimate state. 

These three icinds of animal matter, gelatine^ 
albumen, and fibrine, form the basis of all the va- 
rious parts of the animal system : either solid, as 
the skin, ^s/i, nerves^ membranes^ cartilages^ and 
bones g or fluid, as Mood, ekyte^ milk, mucuSf the 
gastric and pancreatic juices^ bile^ perspiration, 
saliva, tears, &c. 

CAROLINE. 

Is it not surprising that so great a variety of 
substances, and so diiierent in their nature, should 
yet all arise from so few materials, and from the 
same original elements? 

MRS. B. 

The diflferenoe in the nature of various bodies 
depends, as I have often observed to you, rather 
on their state of combination, than on the mate- 
rials of which they are composed. Thus, in con- 
sidering the chemical nature of the creation in a 
general point of view, we observe that it is 
throughout composed of a very small number of 
elements. But when we divide it into the three 
kingdoms, we find that, in the mineral, the com- 
binations seem to result from the union of ele- 
ments casually brought together; whilst in the 
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vegetable and animal kingdomsi the attractions 
are peculiarly and r^larly produced by appro- 
priate organs, whose action depends on the yital 
principle. And we may further observe, that, by 
means of certain spontaneous changes and decom- 
positions) the elements of one kind of matter be- 
come subservient to the reproduction of another; 
so that the three kingdoms are intimately con- 
nected, and constantly contributing to the pre- 
servation of each other* 

EMILY. 

There iS| however, one very considerable class 
of elements, which seems to be confined to the 

mineral kingdom : I meau metalst 

MRS. B. 

Not entirely; they are ibund, though in very 
minute (juantities, both in the vegetable and ani- 
nial kingdoms. A small portion oi earths and sul- 
phur enters also into the composition of organized 
bodies. Phosphorus, however, is almost entirely 
confined to the animal kingdom ; and nitrogen, 
with but few exceptions, is extremely scarce in 
vegetables. 

Let us now proceed to examine the nature 

of the three principal materials of the animal 
system. 

GeUaine^ or jeUy^ is the chief ingredient of skin, 
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and of all the membranous parts of animals. It 
may be obtained from these substances, by means 

of boiling water, under the forms of glue, size, 
isinglass, and transparent jelly. 

CAROLINE. 

But these are of a very different nature; they 

cannot, therefore, be all pure gelatine. 

MRS. B. 

Not entirely, but very nearly so. Glue is ex- 
tracted from the skin of animals. Size is obtained 
either from skin in its natural state, or from leather. 
Isinglass is gelatine procured from a particular spe- 
cies of fish ; it is, you know, of thy substance that 
the finest jelly is made, and this is done by merely 
dissolving the isinglass in boiling water, and allow- 
ing the solution to congeal. 

EMILY. 

The wine, lemon, and spices, are, I suppose, 
added only to flavour the jelly ? 

MRS. B. 

Exactly 'so. 

r 

CAROLINE. 

But jelly is often made of hartshorn shavings, 
and of calves' feet; do these substances contain 

gelatine? 
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Yes. Gelatine may be obtained from almost 
any animal substance^ as it enters more or less 
into the composition of all of them. The process 

for obtaining it is extremely simple, as it consists 
merely in boiling the substance which contains it 
with water. The gelatine dissolves in water, and 
may be attained of any degree of consistence or 
strength, by evaporating this solution. Bones in 
particular produce it very plentifully, as they, 
consist of phosphat of lime, combined or cemented, 
by gelatine. Horn?, which are a species of bone, 
will yield abundance of gelatine. The horns of 
the hart are reckoned to produce gelatine of the 
finest quality; they are reduced to the state of- 
shavings in order that the jelly may be more easily 
extracted by the water. It is of hartshorn shavings 
that the jellies for invalids are usually made^ as 
they arc of very easy digestion, 

CAROLINE. 

It appears singular that hartshorn, which yields 
such a powerful ingredient as ammonia, should 
at the same time produce so mild and insipid a 

substance as jelly ? 

MRS. B. 

And (what is more surprising) it is from the 
gelatine of bones that ammonia is produced. Tou 

18 
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must observe, however, that the processes by 
which these two substances are obtained from 
bones are very different. By the simple action 
of water and heat, the gelatine is separated ; but 
in order to procure the ammonia, or what is com- 
monly called hartshomi the bones must be dis- 
tilled, by which means the gelatine is decomposed, 
and hydrogen and nitrogen combined in the form 
of ammonia. So that the first operation is a mere 
separation of ingredients, whilst the second re* 
quires a chemical decomposition. 

CAKOLINE. 

But when jelly is made from hartshorn shavings 
what becomes of the phosphat of lime which con- 
stitutes the other part of bones? 

MAS. B. 

It is easily separated by straining. But the jelly 
is afterwards more perfectly purified, and ren- 
dered transparent, by adding white of egg, which 
being coagulated by heat, rises to the sur&ce along 

with any impurities. 

EMILY. 

I wonder that bones are not used by the com- 
mon people to make jelly ; a great deal of whole- 
some nourishment, might, I should suppose, be 
procured from them, though the jelly would per- 
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haps not be quite so good as if made from barts« 
horn shavings. 

MRS. B. 

• 

There is a prejudice among the poor against 
a species of food that is usually thrown to the dogs; 
and as we cannot expect them to enter into che- 
mical considerations, it is in some degree excus- 
able. Besides it requires a prodigious quantity of 
fuel to dissolve bones and obtain the gelatine from 
them* 

' The solution of bones in water is greatly pro- 
moted by an accumulation of heat. This may be 
effected by means of an extremely strong metallic 
vessel, called PapitCs digester^ in which the bones 
and water are enclosed, without any possibility of 
the steam making its escape. A heat can thus be 
applied much superior to that of boiling water; 
and bones, by this means, are completely reduced 
to a pulp. But the process still consumes too 
much fuel to be generally adopted among the 
lower classes. 

CAROIINE. 

And why should not a manufacture be esta« 
blished for grinding or macerating bones, or at 

least for reducing them to the state of shavings, 
w hen I suppose they would dissolve as readily' as 
hartshorn shavings ? 
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MRS. B. 

They could not be collected clean for such a 
purpose ; but they are not lost, as they are used 
for making hartshorn and sal ammoniac ; and such 
is the superior science and industry of this country, 
that we now send sal ammoniac to the Levant, 
though it originally came to us from Egypt. 

EMILY. 

When jelly is made of isinglass, does it leave no 
sediment? 

MRS. B. 

No : nor docs it so much require clarifying, as 
it consists almost entirely of pure gelatine ; and any 
foreign matter that is mixed with it, is thrown oS 
during the boiling in the form of scum. — These 
are processes which you may see performed in great 
perfection in the culinary laboratory, by that very 
able and most useful chemist, the cook. 

CAROLINE. 

To what an immense variety of purposes che- 
mistry is subservient 1 * 

EMFLT. 

It appears, in that respect, to have an advantage 

over most other arts and sciences ; for these, very 
often, have a tendency to confine the imaginatiofi 

VOL* II. O 
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to their own particular object; whilst the porsoit 
chemistry is'so'exteftsiTe and div^ified, that it 

inspires a general curiosity, and a desire of en- 
quiring into the nature of every ot^t* 

CAROUNE. 

I suppose that soup is likewise composed of ge- 
latine ; for, when cold^ it often assumes the con- 
sistence of jdly. 

MKS. B. 

Not entirely i for though soups genially con- 
tain a quantity of gelatine, the most essential in- 
gredient is a mucous or extractive matter, a pecu- 
liar animal substance^ very soluble in water, which 
has a strong taste» and is more nourishing than 
gelatine. The various kinds of portable soup con- 
sist of this extractive matter in a dry state, which, 
in order to be made into soup^ requires only to be 
dissolved in water* 

Gelatine, in its solid state, is a semiductile trans- . 
parent substance, without either taste or smell. — 
When exposed to heat, in contact with air and 
water, it first swells, then fuses, and finally burns. 
You may have seen the first part of this operation 
performed in the carpenter's glue-pot 

CABOUNE. 

But you said that gelatine had no smell, and 
glue has a very disagreeable,one. 
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MRS. B« 

Gfue is not pure gelatine: as it is not designed 

Tor eating, it is prepared without attending to the 
state of the ingredients, which are more or less 
contaminated by pactides that have become 
putrid. 

Gelatine may be precipitated from its solution 
in water, by alcohoL — We shall try. this eaggeri' 
ment with a glass of wann jelly. — You see that the 
gelatine subsides by the union of the alcohol and 
the water* 

EMILY. 

How is it, then, that jelly is flavoured with wioet 
without producing any precipitation ? 

MRS.B. 

Because the alcohol contained in wine is already 
combined with water, and other ingredients, and 

is, therefore, not at liberty to act upon the jelly as 
when iu its separate state. Gelatine is soluble both 
in acids and in alkalies : the former, yon know, 
are frequently used to season jellies. 

GAAOLUIE. 

Among the combinations of gelatine we must 
not forget one which you formerly mentioned ; that 
widi tannin, to ferm leather, 

o 2 
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True: but you must observe that leather can 

be produced only by gelatine in a membranous 
fitate; for though pure gelatine and tannin will 
produce a substance chemically similar to leather^ 
yet the texture c( the skiu is requisite to make it 
answer the useful purposes of that substance. 

The nesLt animal substance we are to examine 
is albumen / thia^ although constituting a part of 
most of the animal compounds, is frequently found 
insulated in the animal system ; the white of egg, 
for instance, consists almost entirely of albumen : 
the substance that composes the nervesi the serum, 
or white part of the blood, and the curds of milk, 
are little else than albumen variously modified. 

In its most simple states albumen appears in the 
form of a transparent ^scous fluid, possessed of no 
distinct taste or smell; it coagulates at the low 
temperature of 165 degrees; and, when once soli^ 
dified, it will never return to its fluid state. 

Sulphuric ^acid and alcohol are each of them 
capable of coagulating albumen in the same man* 
ner as heat, as I am going to show you. 

EMILT. 

Exactly sow — Pcay, Mrs. what kind €£m- 

tion is there between albumen and silver? I have 
sometimes observed, t)iat, if the spoon with which 



Digitized by GoogL 



OF AVUfALS 



I eat an egg happens to be wetted, it becomes tar- 
nished* * 

MRS* B« 

s 

> 

It is because the white of egg (and, indeed» al- 
bumen in general) contains a little sulphur, which, 
at the temperature of an egg just boiled, will de- 
Compose the drop of water that wets the spoiHi, 
and produce sulphoreted hydrogen gas, whidi has 
the property of tarnishing silver. 

We may now proceed to Jibrine. This is an 
insipid aiid inodorous substance, having somewhat 
the appearance of fine white threads adhering to- 
gether : it is the essential constituent of muscles or 
flesh, in- which it is mixed with and softened by 
gelatine.' It is insoluble both in water and alcobo^ 
but sulphuric acid converts it into a substance very 
analogous to gelatine* 

These are the essential and general ingredients 
of animal matter ; but there are other substances, 

which, though not peculiar to the animal system, 
usually enter into its coipppsition, such as oils, 
acids, salts, && . . » , 

Animal oil is the chief constituent of &t : it i* 
contained in abundance in the cream of milk, 
whence it is obtained in the form of. butter. 

OS 
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Is animal oil the same in its composition as ve- 
getable oik? 

ICRS* B» 

Not die same^ but very analogous. The chief 
difference is that animal oil contains nitrogen, a 
principle which seldom enters into the compo- 
sition of vegetable oils, and never in so large a 
proportion* 

There are a few animal acids, that is to say^ 

acids peculiar to animal matter, from which thejr 
are almost exclusively obtained. 

The animal acids have triple bases of hydrogen^, 
carbon, and nitrogen. Soine of them are found 
native in animal matter; others are produced 
during its decpmposition. 

Those which we find ready formed, ar^ — 

The bombic acidy which is obtained from silk* 
worms. 

The Jbrmic add, from mts. 

The laefk aridi frdih Ae whey of odilk. 

The sebacic, from oil or fat. 

Those produced during the decompositioB of 
animal substances by heat, are the pruttic and 
zoonic acids. This last is produced by the roasting 
of meat^ and gives it a brisk flavour. - 
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CAROUNE* 

The class of animal acids is not very extensive? 

No; nor are they, generally speaking, of great 
importance. The prutm add is, I think, the only 
one sufficiently interesting to require any further 
comment. It can be formed by an artificial pro- 
cess without the presence of any animal matter; 
and it may likewise be obtained from a variety of 
vegetables, particularly those of the narcotic kind, 
such as poppies, laurel, &c« But it is commonly 
obtained from blood, by strongly heating that 
snbstance with caustic potash ; the alkali attracts 
jibe acid from the blood, and forms with it a 
prussiat <^ potash. From this state of combinatioi^ 
the prossic acid can be obtained pure by means of 
other substances which have the power of separ- 
atii^ it from the alkalL 

But if this does not exist ready formed in 
blood, how can the alkali attract it from thence? 

It is the triple basis pnly of this acid that exists 
in the blood ; and this is developed and brought 
to the state of acid^ during the combustion. The 

o 4 
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acid» therefore, is first formed, and it afiterwiUNb 
combines with the potash. - 

EMILY. 

Now I comprehend it. But how can the prussie 
acid be artificially made ? 

MR8.B. 

By passing ammoniacal gas over red-hot cliar- 
coal; and hence we learn that the constitoenU of 
this acid are hydrogen, nitrogen, and carbon. The 

two first are derived from the volatile alkali, the 
last from the combustion of the charcoal.* 

CAftOLINB. 

But this does not accord with the system of 
oxygen being the principle of acidity. 

MRS. B. 

The colouring matter of Prussian blue is called 
an acid, because it unites with alkalies and me- 
tals, and not from any other characteristic pro- 
perties of acids ; perhaps the name is not strictly 

* The basis of pnissic acid has, of late years, been ascer- 
tained by M. Gay-LusHae, to be a' combination of aiote and 
carbon, which he has called es^tmogen. This compound, 
when combined with hydrogen, forms prusdc add, or, as k ii; 
no^ caOed, hj^dro^ame acid. Pure cyanogen, in ihe state 
gas, may be obtioned ftom pmssiat of mercury by diitiUatio^ 
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apprapriate. But thid circttmstalicc^ together wilh 
some others of the same kind, has induced se- 
veral chemists to think that oxygen may not 
the exclasive generator of acids. Sir U. Davy* 
I have already informed you, was led by his ex- 
periments on dry acids to suspect that water might 
be essential to acidity. And it is the opinion of 
some chemists that acidity may possibly d^nd 
rather on the arrangement than on the presence of 
any particular principles. But we iiave not yet 
done with the prassic acid. It has a strong 
affinity- for metallic oxyds, and precipitates the 
solutions of iron in acids of a blue colour. This 
is the Prussian blue^ or prussiat of iron, so much 
used in the artSi and with.wl|icb I think you most 
be acquainted. 

« 

£MILY. 

Yes, I am; it is much used in pamUng, both in 
oil and in water colours; but it is not reckmed a 

.permanent oil-colour. 

MRS. B.. 

* That defect arises, I believe, in general, from 
its being badly prepared, which is the case whea 
the iron is not so foUy oxydated as to form a red 
oxyd* For a solntkm of greeii oxyd of iron (in 
.^hich the metal is more slightly oxydated), makes 
only a pale green^ or even a white precipitate^ with 

o 5 . 
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prttsftiat of potash ( and this gradually changes to 
Uue b^ being exposed to the air, as I can imniedi- 

ately show you. 

CAItOAifNE. 

It already begins to assume a pale bine colour* 
Put how does the air produce this cfaaiige? 

1IIR8.& 

By oxydating the iron more perfectly. If. we 
pour some nitrous acid on it, the blue colour yfilji 
he immediately produced, as the acid will yield its 

oxygen to the precipitate, and fully saturate it with 
this principle, as you shall see. 

CAROLINE. 

It is very curious to see a colour change so in- 
stantaneously. 

AlttSt B. 

Hence you perceive that Prussian blue cannot 
be a permanent colour, unless prepared with rei 

oxyd of iron, since by exposure to the atmosphere 
i( gradually darkens, and in a short time is no 
longer in harmony with the other colours of tho 
painting. 

CAROLINE. 

But . it can mret bocome daik&r^ by ^zposiM 
to the atroospheve, than the true Fni8fiiB& blu«^ in 

which the oxyd is perfectly saturated ? 

*1 . 



Certainly not. But in painting, the artist not 
reckoning upon partial alterations in his colours, 
gives his blue tints tliat particular shade which 
harmonizes M'ith the rest of the picture. If, after- 
wards, those tints become darker, the ha)*mon^ of 
Ih'e oolouring must necessarily be destroyed. 



CAItOLIKB* 



Pray, of what nature is the punt called car^ 
mine? 



MRS. B. 



It IS an animal colour prepared from cochineal^ 
an insect, the infusion of which produces a vexy 
beautiful red* 



CAROLINE. 



Whilst we are on the subject of colours, I should 
like to learn what ivory Hack is? 



MBS. B. 



It is a carbonaceous substance obtained by the 
combustion of ivory. A more common species of 
black is obtained from the burning of bone. 



CAR0L1N£. 



Bat during the combustion of ivory or bone^ 

the carbon^ I should have imagined^ must be ooh- 

o G 
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verted into carbonic acid gas^ instead of this black 
substance? 

MRS. B. ' 

In this, as in most combustions, a considerable 
part of the carbon is simplj volatilized by the heat, 
and again obtained ooncrete on cooling* This 
colour,* therefore, may be called the soot produced 
by the burning of ivory or bone. 
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OW THB ANIHAL XCOMlfT. 




W E have now acquired some idea of the various 

materials which compose the animal system ; but if 
you are curious to know in what manner these sub*' ' 
stances are formed by the animal organs^ from 
vegetable, as weU as from animal substances, it will 
be necessary to have some previous knowledge of 
the nature and functions of these organs, without 
which it is impossible to form any distinct idea of ' 
tlie process of animalisaiian and nutntion. 

CAROLINE. 

I do not exactly understand the meaning of the 
word animalisation? 

me. B. 

Animalisation is the process by which the food 
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is assimilated^ that is to say, converted into animal 
matter; and nutrition is that by which the food 
thus assimilated is rendered subservient to the pur- 
poses of nourishing and maintaining the animal 
system. 

SMILT. 

This, I am sure, muat be the most interesting of 
all the branches of chemistry 1 

So I think; particularly as I expect that W9 
shall hear something of the nature of respiration^ 

mid of the circulation of the blood ? 

MBS. B. 

These functions undoubtedly occupy a most im- 
jportant place in theliiatory of the animal economy. 
~But { must previously give you a very short 

account of the principal organs by which the various 
operations of the animal system are performed* 
These are: 

The BoneSf 

Bioodtfessehf 

Li^mphaiic vessels. 
Glands, and 
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The bones are the most solid part of the animal 
{rame, and in a great measure determine its ^rm 
wd dimeiitioiik Ycm reooUcct, I suppoa^ what 
are the ingredients whicb enter into their oonqpo- 

«ition ? 

CARGLIKE. 

Yes; pbospfaat of lime, cemented hy gdatine. 

MRS* n* 

During the earliest period of animal life, they 
consist almost entirely of gelatinous membrane 
having the form of the bones, but of a Joose spongy 
texture, the cells or cavities of which are destined 
to be filled with phosphat of lime; it is the gradual 
acquisition of this salt which gives to the bones 
their subsequent hardness and durability* Infants 
first receive it from their mother's milk, and af- 
terwards derive it from all animal and from most 
vegetable food, especially farinaceods substances* 
such as wheat^flour, which contain it In sensible 
quantities. A portion of the phosphat, after the 
bones of the infant have been sufficiently expanded 
and sdlidified, is deposited in the teeth, which 
consist at first only of a gelatinous membrane, or 
case, fitted for the reception of this salt ; and 
which, after acquiring hardness within the gum, 
gradually proirude from it* 

CAROLINE* 

HoWT^ry curious thh is; and how ingeniously 
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tiature has first provided for the fiolidificatioD of 
•ttch bones as are immediately wanted^ and tAetf 

wards for the formation of the teeth, which would 
ikot oaly be usele&^ but detrimental in in&ncy ! 

MRS. B. 

In . quadrupeds the pboq>hat of lime is deposited 
likewise in their ho^s, and the hair or woq^ with 

which they are generally clothed. 

Iq birds it serves also to harden the beaks and 
the quills of their feathers. > - 

When animals are arrived at a state of maturity, 
and their bones have acquired a sufficient degree of 
solidity^ the phosphat o£ lime which is taken with 
the food is seldom assimilated, excepting when 
the female nourishes her young ; it is then all se- 
creted into the milk, as a provision for the tender 
bones of the nursling* 

BJllLT- 

So that whatever becomes superfluous to one 
bdng, is immediately wanted by another; and the 

child acquires strength precisely by the species of 
nourishment which is no longer necessary to the 
mother. Nature is, indeed, an admirable eco- 
nomist ! 

CABOLINE. 

Pray, Mrs. B«jt does not the disease in the bones. 
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of children, called the rickets, proceed from e de- 
ficiency of phosphat of lime ? 

I have heard that this disease may arise from 
two causes; it is sometimes occasioned by the 

growth of the muscles being too rapid in propor- 
tion to that of the bones. In this case the weight 
of the flesh is gi*eater than the bones can support^ 
and presses upon them so as to produce a swell- 
ing of the joints, which is the great indication of 
the rickets. The other cause of this disorder is 
supposed to be an imperfect digestion and bsA^ 
milation of the food, attended with an excess of 
acid, which counteracts the formation of phosphat 
of lime. In both instances, therefor^ care should 
be taken to alter the child's diet, not merely by 
increasing the quantity of aliment containing phos- 
phat of lime^ but also by avoiding all food Uiat is 
apt to turn acid on the stomach, and to produce 
indigestion. But the best preservative against 
complaints of this kind is, no doubt, good nursing : 
vrhen a child has plenty of air and exercise^ the 
digestion and asnmilation will be properly per^ 
formed, no acid will be produced to interrupt these 
functions, and the muscles and bones will grow to* 
gether in just proportions* 
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QAAOUNfi. 

I have often heard the richeto attributed io kmi 

nursing, but I never could have guessed what 
connection there was between exercise and the for- 
matipn of the bones, 

MAS. JB. 

Eacercise is generally beneficial to all the aaimal 
fiinctions. If man is destined to labour for his 
suimstence) the bread which he earns is scaircely 
more essential to his beiilth and preservation than 
the exertions by which he obtains it. Those whom 
the gifts of fortune ^ have placed above the necesr 
■Uy of bodily labour aire ecmipelled to take exserds^ 
in. some mode or other, and wb^ they caAao( 
convert it into an amusement, they must submit 
to it as a task, or their health will 9Qoa experiience 
tb$ of tlieur iadoleiioe. 

XMIJUY. 

That will never be my case : for exercise, unless 

it becomes fatigue, always gives me pleasure; 
and, so far from being a task, is to me a source 
daily enjoyment. I often think what a blesskig 
it is, that exercise, whicli is so conducive to health, 
should be so delightful; whilst fatigue, which is 
rather hurtful, instead of pleasure, occasicms pain? 
All sensations. So that fiitigue, no doubly was 
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intended to moderate our bodily exertionsi as sa* 
Uety puts a limit to our appetites. 

Certainly. — But let us not deviate too far from 
our subject. — The bones are connected together 
by ligaments, which consist of a white thick flexible 
substance, adhering to their extremities, so far as 
to secure the joints firmly, though without imped* 
iog their motion. And the joints are moreoveir 
covered by a solid, smooth, elastic, white substance^ 
called cartilage^ the use of which is to allow, by its 
smoothness and elasticity, the bones to slide easily 
oyer one another^ so that the joints may perform 
tjbidr office without difficulty or detrimait. 

Over the bones the ymiscles are placed: they 
consist of bundles of iibres, which terminate in a 

• 

kind of strings or ligament, by which they ai^ 
fastened to the bones% The muscles are the orgaiiis 

of motion : by their power of dilatation and con- 
traction they put into action the bones, which act 
as levers, in all the motions of the body, and form 
the solid support of its various parts* The muscles 
are of various degrees of strength or consistence, in 
different species of animals. The mammiferous 
tribe, or those that suckle their young, seem, in 
this respect, to occupy an intermediate place be- 
tween birds and cold-blooded animals, such as 
r^tiles and fishes. 
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£MILY. 

The diflerent degrees of firmness and solidity 19 

the muscles oi these several species of animals pro- 
ceed, I imagine^ from the different nature of the 
food on which thcgr subsist? 

MRS. B* 

No^ that is not supposed to be the ease : for the 

human species, who are of the mammiferous tribe, 
live on more substantial food than birds ; and yet 
the latter exceed them in muscular strength. We 
shall hereafter attempt to account for this dMferenee ; 
but let us now proceed in the examination of the 
animal functions. 

' The next chiss <^ organs Is that of the vessels of 

the body, the office of which is to convey the various 
fluids throughout the frame. These vessels are 
innumerable. The most considerable of them are 
those, through which the blood circulates, which 
are of two kinds ; the arteries, which convey it 
from the heart to the extremities of the body, and 
ihe veins, which bring it back into the heart. 

Besides these^ there are a numerous set of small 
transparent vessels, destined to absorb and convey 
different fluids into the blood : they are generally 
called the absorbent or lymphatic vessels : but it is to 
a portion of them only that the function of convey- 
ing into the blood the fluid called h^mj^h is assigned. 

EMILT. 

Pray what is the nature of that fluid ? 
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Has. B. 

' The nature and use of the lymph Ime, I be- 
lieve, never been perfectly ascertained; but it ig 
supposed to consist of matter that has been pre- 
viously animalisedy and which, after answering the 
purpose for which it was intended, most, in regular 
rotation, make way for the fresh supplies produced 
by npurishment. The lymphatic vessels pump up 
this fluid from every part of the system, and convey 
it into the veins to be mixed with the blood which 
runs through them, and which is commonly called 
venous blood. 

CABOLTNE. 

But does it not again enter into the animal 
system through that channel ? 

M R8« B. 

Not eutireiy ; for the venous blood does not re- 
turn into the circulation until it has undergone a 
peculiar change^ in which it throws off whatever is 
become useless. 

Another set of absorbent vessels pump up the 
chi/le from the stomach and intestines, and convey 
it, after many circumvolulions, into the great vein 
near the heart. 

EMILY. 

Pray what is chyle ? 



SIO ON THE ANIMAL ECONOMY. 

^as. B. 

It b tbe substance into which food is <oimrted 

by digestion. 

CAROLINE, 

One set cf the thmbemt vessels^ then, is em* 

ployed in bringing away the old materials which 
are no longer fit for use ; whilst tbe other set is 
bu^ in conveying into the blood the new materiris 
that are to replace diem ? 

EMILY. 

What a great variety of ingredients must enter 
into the compositicm of the Mood I 

MBS* B« 

You must observe that tliere is also a great va- 
riety of substances to be secreted from it. We 
imay compare the blood to a general receptacle or 
storehouse for all kinds of commodities, which are 
afterwards fisishionedf arranged, and disposed of, 
as circumstances require. 

There is another set of absorbent vessek in 
females, which is destined to secrete milk for the 
nourishment of the young. 

EMILT. 

Pray is not milk very analogous in its compo* 
sition to blood ; for, since the nursling derives its 
nourishment from that source on1y> it must con- 
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tain every principle whidi the animal system re* 

quires ? 

MRS* B. 

Very trae. Milk is founds by its analysis, to 
contain the priaoipal materials of animal matter, 

albumen, oil, and phosphat of lime; so that the 
suckling has but little trouble to digest and assimi- 
late this nourishment. But we shall examine the 
composition of milk more fully afterwards. 

In many parts of the body numbers of small ves- 
sels are collected together in little bundles, called 
glands^ from a Latin word, meaning acom^ on ac- 
count of the resemblance which some of them bear 
in shape to that fruit. The function of the glands 
is to secrete^ or separate certain matters from thf 
blood. 

The secretions are not only mechanical, but che- 
mical separations from the blood ; for the sub- 
stances thus formed, though contained in the bloody 
are not ready combined in that fluid. The se- 
cretions arc of two kinds ; those which form pe- 
culiar animal fluids, as bile^ tears, salira, &c. ; and 
those which produce the general materials of the 
animal system, for the purpose of recruiting and 
nourisbiog tbe several organs of the bocly; such 
as albumen, gelatine^ and fibrine ; the latter may 
be distinguished by the name of mUrMve secret 
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CABOUtNB. 

I am quite astonished to hear that all the secrer 
Uons should be derived from the blood. 

SMILT. 

I thought that the bile was produced by the 
Urer. 

MRS* B« 

So it is; but the liver is nothing more than a 
very large gland, which secretes the bile from the 
Uood. 

• The last of the animal organs which we have 
mentioned are the nerves: these are the vehicles of 
lensation, every other part of the body being, of 
itself, totally insensible. 

CAROLINE. 

They must, then, be spread through every part 
of the frame, for we ore every where susceptible of 
feeUog. 

EMILY. 

'Excepting the nails and the hair. 

MRS. B. 

Aad those are almost the only parts iu which 
nerves cannot be discovered. The common source 

of all the nerves is the brain : thence they descend, 
Yome of them through different apertures in the 
skull, bat the greatest part through the back bon% 
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and extend themselves by innumerable ramifica* 
tioQs throughout the whole body. They sfnread 
themselves over the muscles, penetrate the glands, 
wind round the vascular system, and even pierce 
into the interior of the bones. It is most probably 
. through them that the communication is carried 
on between the mind and the other parts of the 
body; but in what "manner they are acted on by 
the mixxdf and made to re-act on the body, is stiU 
a profound secret. Many hypotheses have been 
formed on this very obscure subject, but they are 
all equally improbable, and it would be useless 
ibr us to waste our time in conjectures on an en- 
quiry, which, in all probability, is beyond the readi 
of human capacity. 

CAROLINE. 

But yon have not mentioned those paiticoh»> 
nerves that form the senses of hearing, seeing^ 
smelling, and tasting ? 

MRS. B. 

Hiey are considered as being of the same nature 
as those which are dispersed over every part of 
ttie body, and constitute the general sense <tf feel* 
'ing. The different sensations which they pro* 
duce arise from their peculiar situation and con- 
nection with the several organs of taste, smell, and 
hearing. 

' VOL. n. F 
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EMILY* 

But these senses appear totally different from. 

that of feeling ? 

MRS.B. 

They are all of them sensations, but variously 

modified according to the nature of the different 
organs in which the nerves are situated. For, as 
we have formerly observed, it is by contact only 
that the nerves are affected. Tims odoriferous 
pai'ticles must strike upon the nerves of the^ose, 
in order to excite the sense of smeUing; in the 
same manner that taste is pr^uoed by the particu- 
lar substance coming in contact with the nerves 
of the tongue. It is thus also t{iat the sensation 
of sound is produced by the concussion of the air 
striking against the auditory nerve ; and sight is 
the effect of the light falling upon the optic nerve. 
These various senses, therefore, are affected only 
by the actual contact of particles of matter, in the 
same manner as that of feeling. 

The different organs of the animal body, though 
easily separated and perfectly distinct, are loosely 
connected together by a kind of spongy substance^ 
in texture somewhat resembling net-work, called 
the cellular membrane; and the whole is covered 
by the dcin. 

The skin^ as well as the burk of vegetables, is 
formed of three coats. The external one is called 
the dfticle or epidermis s the second^ which is 
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called the mucous membrane^ is of a thin soft tex» 
ture, and consists of a mucous substance, which, 
in negroes is black, and is the cause of their skin 
appearing of that colour. 

CAROLINE. 

Is then the external skin of negroes white like 
ours? 

Yes ; but as the cuticle is transparent, as well as 
porous, the blackness of the mucous membrane is 
visible through it. The extrfismties of the 
are spread over this skin, so that the sensation of 
feeling is transmitted through the cuticle. The 
internal covering of the muscles, which is pro- 
perly the skin, is the thickest, the toughest, and 
most resisting of the whole; it is this membrane 
which is so essential in the arts, by forming leather 
when combined with tannin* 

The skin which covers the animal body, as well 
as those membranes that form the coats of the 
vessels, consists almost exclusively of gelatine; 
and is capable of being converted into giue^ size^ 
or jelly. 

The cavities between the muscles and the skin 
are usually filled with fat, which lodges in the 
cells of the membranous net before mention^ 
and gives to the external form (espedaily in die 

p 2 
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human figure) that roundness, smoothness, and 
soAii^ so essential to beauty. 

EMILT. 

And the skin itself ifl» I think^ a very ornamental 
part of the human firam^ both from the fineness 
of its tezturei and the tariety and ddicaey of its 
tintsy 

Sf R8» jB* 

This variety and harmonious gradation of co- 
loursy proceed, not so much from the skin itself 
as from the internal organs which transmit their 
several colours through it, these tints being only 
softened and blended by the colour of the skin, 
which is uniformly of a yellowish white. 

Thus modified, the darkness of the vdns ap- 
pears of a pale blue colour, and the floridness of 
the arteries is changed to a delicate pink. In the 
most transparent partem the skin exhibits the bloom 
of the rose, whilst where it is more opaque its own 
colour predominates ; the joints, where the 

bones are most prominent) their whiteness is often 
discernible. In a word, every part of the human 
frame seems to contribute to its external ornament ; 
and this not merely by producing a pleasing 
variety of tintSi but. by a peculiar kind of beauty 
which belongs to each individual part. Thus it ia 
to tlie solidity and arrangement of the bones that 
th^ huwMi figure owes . the grandeur of its stature^ 
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and its firm and dignified deportment* The mmcles 
delineate the fonD» and stamp it with energy and 
grace, and the soft snbstance which is spread OTer 
them smooths their ruggedness, and gives to the 
contours the gentle undulations of the line of beauty* 
Every organ of sense is a peculiar and separate 
ornament ; and the skin, which polishes the surface, 
and gives it that charm of colouring so inimitable 
by art, finally conspires to render the whole the 
fairest work of the creation* 

But now that we have seen in what manner the 
animal frame is formed, let us observe how it pro- 
vides for its support and how the several organs 
which form so complete a whol^ are nooridied 
and maintained. 

This will lead us to a more particular esqdana- 
tion of the internal organs : here we shall not meet 
with so much apparent beauty, because these parts 
were not intended by nature to be exhibited to 
view; but the beauty of design, in the internal 
organisation of the animal firame^ is, if possible, 
still more remarkable than that of the external 
parts* 

We shall de&r this subject till our next inter- 
view. 
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CONVERSATION XXV. 

ON ANIMALISATION, KUTRITIOK| AND 

RESPIRATION. 



,Wb haye now ieamt of what materials the aut- 
nial system is .eomposedy mi^l have fonned. acme 
idea of the nature of its organization. In order 

to complete the subject, it remains for ns to exa- 
mine in what manner it is nourished and sup- 
ported. 

Vegetables, we have obssrved, obtain their tion- 
lishment from vaiious substances, either in their 
dementary stat^ or in a ^ry simple state of com*- 
bination; as carbon, water, and salts, which 
they pump up from the soil; and carbonic acid 
and oxygen, which they absorb from the atmo- 
sphere. 

Animals, on the contrary, feed on substances of 
the most complicated kind ; for they derive their 
sustenance^ some from the animal creation, others 
from the vegetable kingdom, and some from both. 
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CAROUKE. 

And there is one species of animalS) whidi, not 
satisfied with enjoying eidicr kind of fiiod in itn 
simple state, has invented the art of combining 
them together in a thousand way% and of render- 
ing eyen the mineral kingdom subservient to its 
refinements. 

EMILY. 

Nor is this all ; for our delicacies are collected 
from the various climates of the earth, so that the 
four quarters of the globe are often obliged to con- 
tribute to ihe preparation of our simplest dishes. 

CAROLINE. 

But the very complicated substances which con- 
stitute the nourishment of animals, do not^ I sup- 
pose^ ^ter into their system in their actual state of 
combination ? 

MRS. B. 

So far from it, that they not only undergo a 
new arrangement of their parts, but a selection is 
made of such as are most proper for the nourish- 
ment of the body, and those only enter into the 

systemj and are animaliscd. 

EMILY. 

And by what organs is this process performed / 

MRS. B. 

Chiefly by the stomach, wiiich is the organ of 
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digestion^ and the prime regulator of the animal 
trame. 

JU^ggHon is the first step toward nutrition. It 
consists in reducing into one homogeneous mass 

the various substances that are taken as nourish- 
ment ; it is performed by first chewing and mixing 
the sdid aliment with the saliva, which reduces 
it to a soft mass, in which state it is conveyed into 
the stomach, where it is more completely dissolved 
hy the gasHc juke. 

This fluid (which is secreted into the stomach . 
by appropriate glands) is so powerful a solvent 
that scarcely any substances will resist its action* 

EMILY. 

The coats of the stomach, however, cannot be 
attacked by it, otherwise we should be in danger 
of having them destroyed when the stomach was 
empty* 

MRS. B. 

They are probably not subject to its action; 

as long, at least, as life contmues. But it appears, 
that when the gastric juice has no foreign sub- 
stance to act upon, it is capable of occasionmg a 
degree of irritation in the coats of the stomach, 
which produces the sensation of hunger. The 
gastric juice^ together with the heat and muscular 
action of the stomadt, converts the aliment into 
an uniform pulpy mass called diyme^ This passes 
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into the intestines, where it meets with the bile 
and some other flnid% by the agency of whieby 
and by the operation of other causes hitherto m- 
knowni the chyme is changed into chyle, a much 
tbinner anbatanc^ aomewhat reeembling milk, 
which is pnmped by immense nnmbera of small 
absorbent vessels spread over the internal surface 
of the intestines. These, after many circumvo- 
lution% gradually meet and miite into large 
branches, till they at length collect the chyle into 
one vessel, which pours its contents into the great 
vein near the heart, by which means the food, thus 
prepared, enters into the curcolation. . 

CAROLINE. 

But 1 do not yet clearly understand how the 
blood, thus formed, nourishes the body and sup- 
plies all the secretions ? 

MRS* B* 

Before tliis can be explained to you, you must 
first allow me to complete the formation of the 
blood. The chyle may, indeed, be omsidered as 
ferming the chief ingredient of blood: but this 
fluid is not perfect until it has passed through the 
lungs, and undergone (together with the blood that 
bat already circulated) certain necessaiy changes 
that are effected by respiration. 
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CAROLINE. 

I am very glad that yon are going to explain the 
nature of respiration r I have often longed to ondier- 
stand it : for though we talk incessantly of breathings 
I never knew precisely what purpose it answered. 

MRS. B* 

It is, indeed, one of th^ most interating processes 

imaginable; but, in order to understand this func- 
tion well, it will be necessary to enter into some 
previous explanations* TelL m% Emily, — wbat 
do you understand by respiration ? 

EMILY. 

Respiration, I conceive, consists simply in alter- 
niitely inspiring air into the lungs, and eapiting it 
/rom them. 

lis. B. 

Your answer will do very well as a general de- 
finition. But, in order to form a tolerably clear 
notion of the various phenomena of respiration, 
there are many circumstances to be taken into con- 
sideration. 

In,, the first place, there are two things to be dis** 
tingnished in respiration, the mechanical and the 
chemical part of the process. 

Xhe mechanism of breathing depends on the 
alternate expansions and contractions of the chest, 
in which the lungs are contained. When the 
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chest dilates, the cavity it enlarged, and the air 
rushes in at the mouth, to fill up the vacuum 

formed by this dilatation; when it contracts, the ca- 
vity is diminished, and the air forced out again. 

CAROLINE. 

I thought that it was the lungs that contracte<i 
and expanded in breathing ? 

They do likewise; but their action is only the 

consequence of that of the chest. The lungs, to- 
gether with the heart and largest blood vessels, 
in a manner fill up the cavity of the chest; they 
could not, therefore, dilate if the chest did not 
previously expand : and, on the other hand, when 
the chest contracts, it compresses the Itogs and 
forces the air out of them. 

CAROLINE. 

The lungs, then, are like bellows, and the chest 

is the power tliat works them. 

MRS. B. 

Precisely so. Here is a curious little £gure 
(Plate XV. fig. 5.}, which wiil assist me in explain- 
ing the mechanism of breathing. 

CAROLINE. 

What a droll figure I a little head fixed upon a 

glass bell, with a bladder tied over the bottom 
ofiti 
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MBS. B« 

. You must ofasme that there is another bladder 

within the glass, the neck of which communicates 
with the mouth of the figure — this represents the 
hings contained within the chest ; the other blad- 
der, which you see is tied loose, represents a mus- 
cular membrane, called the diaphragm, which se- 
parates the chest from the lower part of the body. 
By the chest, therefcHre, I mean that large cavity 
in the upper part of the body contained within the 
ribs, the neck, and the diaphragm ; this mem- 
brane is muscidar, and capable of contraction and 
dibtatton. The contraction may be imitated by 
drawing the bladder tight over the bottom of the 
receiver, as I can easily do by squeezing it in my 
hand, when the mr in the bladder, which repre- 
sents the lungs, will be forced out Arough the 
mouth of the figure — 

See, Caroline, how it blows the flame of the 
candle in breathing ! 

MRS. B. 

By letting the bladder loose again, we imitate 
the dOatation of the diaphragm, and the cavity of 
the chest being enlarged, the lungs expand, and the 
air rushes in to fill them* 

VMILT. 

This figure, 1 think, gives a very clear idea of 
the process of breathing. 
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MRS. B« 

It illastratesy tolerably wdl, the action (rf* the 

lungs and diaphragm ; but those are not the only 
powers concerned in the enlargement or diminution 
of the cavity of the chest : the ribs are also pos- 
sessed of a musculnr motion for the same purpose; 
they are alternately drawn in, edgeways, to assist 
the contraction, and stretched out, like the hoops 
of a barrel^ to contribute to the dilatation of the 
chest 

SMILT. 

I always supposed that the elevation and de* 
pression of the ribs were the consequence, not the 
caus^ of breathing. 

MRS. B. ' ' ' 

It is exactly the reverse. The muscular action 
of the diaphragm, together mth that of the ribs, 
are the causes of the contraction and expansion of 
the chest; and the air rushing into, and being ex- 
pelled from the lungs, are only consequences of those 
actions. 

CAROLINE. 

I confess that I thought the act of breathing 
began by opening the mouth for. the air to rush in, 
and that it was the air alone which, by alternately 
rushing in and out, occasioned the dilatations and 
contractions of the lungs and chest. 
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MRS. B. 

Try the experiment of merely opening your 
month : the air will not rush in, till, by an internal 

muscular action, you produce a vacuum — yes, just 
sOf your diaphragm is now dilated, and the ribs 
expanded. But you will not be able to keep them 
]on£f in that situatton. Your lun^rs and chest are 
already resuming their former stale, and expelling 
the air with which they had just been filled. This 
mechanism goes on more or less rapidly ; but, in 
general, a person at rest and in health will breathe 
between fifteen and twenty- five times in a minute. 

We may now proceed to the chemical eSocta of 
respiration ; but, fin* this purpose, it Is mcessary 
that you should previously have some notion of 
the circulation of the blood. Tell me, Caroline^ 
what do you understand by the circulation of the 
blood? 

CAROLINE. 

I am delighted that you come to that subject ; 
for it is one that has long excited my curiosity. 
But I cannot conceive how it is connected with 
respiration. The idea I have of the drculation is, 
that the blood runs from the heart through the 
veins all over the body, and back again to the 
iieart. 

MRS. B. 

I could hardly have expected a better definition 



Digitized by Google 



OK R£SPIRATIO]f« 



327 



from you : it i% howeveri not qnite correct ; for 
you do not distinguish the arteries from the xmnSf 

which, as we have ah'eady observed, are two dis- 
tinct S€t8 of vessels, each having its own peculiar 
functions. The arteries convey the blood from the 
heart to the extremities of the body ; and the veins 
bring it back into the heart. 

This sketch will give you an idea of the manner 
in which some of the principal veins and arteries 
of the human body branch out of the heart, which 
may be considered as a common centre to both sets 
of vessek. The heart is a kind of strong elastic 
bag, or muscular cavity, which possesses a power 
of dilating and contracting itselt^ for the purposes 
of alteruiueiy receiving and expelling the blood) in 
order to carry on the process of circulation. 

EMILY. 

Why are the arteries in this drawing painted 
red, and the vems purple ? 

MRS. 

It is to point out the difference of the colour of 
the blood in these two sets of vessels. 

CAROLINE. 

But if it is the same blood which.iiows from the 
arteries into the veins^ ho«(r can its colour be 

changed ? 
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' This change arises from various circumstances. 
In the first j^lace^ during its passage through the 
arteries, the blood undergoes a considerable al- 
teration, some of its constituent parts being gra- 
dually separated from it for the purpose of nourish- 
ing die body, and of supplying the various se- 
cretions. In consequence of this, the florid arterial 
colour of the blood changes by degrees to a deep 
purple, which is its constant colour in the vrins. 
On the other hand, the blood is recruited during 
its return through the veins by the fresh chyle, 
or imperfect blood, which has been produced by 
food; and it receives tiso lymph £ram the absorb- 
ent vessels, as we have before mentioned. After 
having undergone these several changes, the blood 
returns to the heart in a state very different from 
that in which it left it. It Is loaded with a greater 
proportion of hydrogen and carbon, and is no 
longer fit for the nourishment of the body, or other 
purposes of circulation* 

. EMILY. 

And in this state does it mix in the heart vdth 
the pure florid blood which runs into the arteries ? 

IffRSi A* 

No. The heart is divided into two cavities or 
compartitionsy called the right and l^t ventricles* 
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The Jeft ventricle is the receptacle for the pure 
arterial blood previous to ito circulation; whilst 
the venous, or impure blood, which returns to the 
heart after having circulated, is received into the 
right ventricle^ previous to its purification, which I 
shall presently explain* 

I. 

CAROLINE. 

I own that I always thought the same blood 
circulated agaui and again through thebody, with- 

out undergoing any change. > 

MRS. B« 

Yet you must have supposed that the blood cir^ 
culated for some purpose. 

CAROLINE. « 

I knew that it was indispensable to life ; but had 
no idea of its real functions. 

MRS. B. 

' But now that you understand that the blood 
conveys nourishment to every part of the body, 
and supplies the various secretions, you must be 
sensible that it cannot constantly answer these 
objects without being proportionally renovated and 
purified. 

CAROLINE. 

But does not the chyle answer this purpose ? 



Digitized by Google 



830 



ON UESVIRATIOlfr. 



MRS. B. 

Only in part It renovates the nntritiye prin- 
ciples of the blood, but does not relieve it from the 
superabundance of water and carbon with which 
it is encumbered. 

EMIJLY. 

How, then, is this effected ? 

MRS. B. 

By Respiration. This is one of the grand 

mysteries which modem chemistry has disclosed. 
When the veuous blood enters the right ventricle 
of the heart, it contracts hy its muscular power, 
and throws the blood through a large vessel into 
the lungs, \\4iich are contiguous, and through 
which it circulates by millions of small ramifica- 
tions. Here it comes in contact with the air which 
we breathe. The action of the air on the blood 
in the lungs is, indeed, concealed from our imme- 
diate observation; but we are able to form a 
tolerably accurate judgment of it from the changes 
which it effects not only in the blood, but also on 
the air expired. 

The air, after passing througb the lungs, is 
found to contain all the nitrogen inspired, but to 
have lost part of its oxygen, and to have acquired 
a portion of watery vapour and of carbonic acid 
gas. Hence it is inferred, that, when the air comes 
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in contact with the venous blood in the lungSi the 
oxygen altracte from it the superabondani-qnan- 
tity of carbon with which it has impregnated itself 
during the circulatioq, and converts it into car- 
bonic acid. Tiiis gaseous acid» together with the 
redundant moisture from the lungs*, being then 
expired, the blood is restored to its former purity, 
that is, to the state of arterial blood, and is thus 
again enabled to perform its various functions. 

CAROLINB. 

This is truly wonderful f Of all that we have 
yet learned, I do not recollect any thing that has 
appeared to me so curious and interesting. I al- 
most believe that I should like to study anatomy 
now, though I have hitherto had so disgusting an 
idea of it. Pray, to whom are we indebted for 
these beautiful discoveries ? 

MRS. B. 

Priestley and Crawford, in this country, and 
Lavoisier, in France, are the principal inventors of 
the theory of respiration. Of late years the sub- 
ject has been farther illustrated and simplified by 
the accurate experiments of Messrs. Allen and 
Pepys. But the still more important and more 

* The quantity of moisture discharged by the lungs in 24 
hours^ may be. computed at eight or niiic ounces. 
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admirable discovery of the circulation of the blood 
was made long before hy our immortal country- 
ipan Harvey* 

fiMILT. 

Indeed I never heard any thing that delighted 
me so much as this theory of respiration. But I 
hope^ Mn. that yoa vdll enter a little more into 
particalars before yoa dbmiss so interesting a 
subject. We left the blood in the lungs to under- 
go the salutaiy change : but how does it thence 
qfUfeed to all the parts of the body ? 

MRS. B* 

After chrcolating tliroa^ the longs, the blood 
is collected into four large vessels, by which it is 
conveyed into the left ventricle of the heart, whence 
it is propelled to all the different parts of the body 
by a large artery^ which gradoally ramifies into 
millions of small arteries through the whole frame. 
From the extremities of these little ramifications 
the blood is transmitted to the vein% which bring 
it back to the heart and lungs, to go round again 
and again in the manner we have just described. 
You sett therefore^ that the blood actually un- 
dergoes two circulations; the one^ through the 
lungs, by which it is converted into pure arterial 
blood ; the other, or general circulation, by which 
nourishment b conveyed to every part of the 
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body; and these are both equally indiqpeiiiaUe to 

the support of animal life. 

EMILY, 

Bat whence proceeds the carbon with which 
the blood is impregnated when it comes into the 

lungs ? 

MRS* B« 

Carbon exists in a greater proportion in blood 
than in organized animal matter* The blood, 
therefore;, after supplying its various secretions, be- 
comes loaded with an excess of carbon, which is 
carried off by respiration ; and the formation of 
new chyle from the food affords a constant supply 
of carbonaceous matter* 

CAROUNE* 

I wonder what quantity of carbon may be ex- 
pelled from the blood by respiration in the course 
of 24 hours ? 

MRS* B* 

It appears by the experiments of Messrs. Alien 

and Pepys that about 40,000 cubic inches of car- 
bonic acid gas are emitted from the lungs of a 
healthy person, daily; which is equivalent to eleven 
ounces of solid carbon every 24 hours. 

EMILY. 

• . What an immense quantity ! And pray how 
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mach of carbonic acid gas do we espel from our 
lungs at each expiration ? 

Tlie quantity of air wbicfa we take into our lungs 

at each inspiration, is about 40 cubic inches, which 
contain a Uttie less than 10 cubic inches of oxygen; 
and of those 10 inches, one-eighth is converted 
into carbonic acid gas on passing once through the 
lungs*, a change which is sufficient to prevent air 
which has only been breathed once from sufifering 
a taper to burn in it. 

CAROLIN£. 

Pray, how does the air come in contact with the 
blood in the lungs ? 

I cannot answer this question without entering 
into an explanation of the nature and structure of 
the lungs. You recollect that the venous blood, 
on being expelled from the right ventricle, enters 
the lungs to go through what we may call the 
lesser circulation ; the large trunk or vessel which 
conveys it branches out, at its entrance into the 
lungs, into an infinite number of very fine ramifi- 

* The bulk of carbonic aciJ gas formed by respiration, is 
exactly the same that of the oxygen gas which disappears. 
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cations. The windpipey which conveys the air 

from the mouth into the lang9, likewise spreads 
out into a corresponding number of air vesselsy 
which follow the same course as the blood vessels, 
forming millions of very minute air-cells. These 
two sets of vessels are so interwoven as to form a 
sort of net-work, connected into a kind of spongy 
mass, in which every particle of blood must neces- 
sarily come in contact with a particle of ain 

CAROLINE. 

But since the blood and the air are contained in 
different vessels, how can they come into contact? 

MRS. B. 

They act on each other through the membrane 
which forms the coats of these vessels ; ibr although 
this membrane prevents the blood and the air from 

mixing together in the lungs, yet it is no impedi- 
ment to their chemical action on each other. 

EMILY. 

Are the lungs composed entirely of blood vessels 

and air vessels ? 

MRS. B* 

I believe they are, with the addition only of 
nerves and of a small quantity of the cellular sub- 
stance beforementioned, which connects the whole 

into an uniform mass. 
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Prayi why are the lungs always spoken of in the 
plural number? Are there more thiui one? 

MB8. B. 

Tes ; for though they form but one organ^ they 
really consist of two compartments, called MeSf 

which are enclosed in separate membranes or bags, 
each occupying one side of the chestf and being in 
dose contact with each other, but without com- 
municating together. This is a beautiful provision 
of nature, in consequence of which, if one of the 
lobes be wounded, the other performs the whole 
process of respiration till the Brit is healed. 

The blood, thus completed, by the process of 
respiration, forms the most complex of ail animal 
compounds, since it contains not only the numerous 
materials necessary to form the various secretions, 
as saliva, tears, &c. but likewise all those that are 
required to nourish the several parts of the body, 
as the muscles, bones, nenres, glands, &c. 

EMILY. 

There seems to be a singular analogy between 
the blood of animals and the sap of vegetables; for 
each of these fluids contains the several materials 

destined for the nutrition of the numerous class of 
bodies to which they respectively belong. ' ' 
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MRS. B. 

' Nor is tbe production of these fluids in the ani- 
mal and vegetable systems entirely different ; foe, 
the absorbent vessels, which pump up the chyle 
from the stomach and intestines, may be compared 
to the absorbcsnts of the roots of plants, which 
suck iip the nourishment from the soil. And the 
analogy between the sap and the blood may be 
still fiirther traced, if we follow the latter in the 
course of its circidation ; for, in the living animal, 
we find every where organs which are possessed of 
a power to secrete from the blood and appropriate 
to themselves the ingredients requisite for their 
support. 

CAROLINE. 

But whence do .these organs derive their re4)ec- 
tivepowers? 

MRS. B. 

From]a peculiar organisation, the secret of which 
no one has yet been able to unfold. But it must 
be nldmatdy by means of the vital principle that 
both their mechanical and chemical . powers are 
brought i^to action. 

I cannot dismiss the subject of circulation with- 
out mentioning perspiratumf a secretion which is 
immediately connected with it, and acts a most im- 
poitant^part in the animal economy. 

VOIm II. ' Q 
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CAROLINE. 

Is not this secreUon likewise made by afqpropri« 
ateg^ds? 

lfB8.fi. 

No ; it is perfomed by the extreaiitics of the 

arteries, which penetrate through the skin and 
terminate under the cuticle^ through the pores of 
which the perapiiatioa iasaes^ When thia fluid ia 
not secreted in excess, it is insensible^ because it 
is dissolved by the air as it exudes from the pores; 
but when it is secreted faster than it can be dis* 
solvedi it becomes MM^fUSf, as it mamcB its liquid 
state. 

EMILY. 

This secretion bears a stvQdng resemblance to 

the transpiration of the sap of plants. They both 
consist of the most fluid parts, and both exude 
icom the surfiice by the extremities of the vesseb 

through which the^ circulate. 

And the analogy does not stop there; ibr, since ^ 

it has been ascertained that the sap returns into 
the roots of the plants, the resemblance between 
the anhnsl and vegetable circulation is become 
still more obvious. The latter, however, is far 
flrom being complete, since, as we observed be* 
ibre^ it consists only in a rising and descending of 
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the sap^ whUst in animals the blood actually etrcu^ 

lates through every part of the system. 

We have now^ I think, traced the process of 
nutrition^ from the introdnction of the food into 
the stomach to its finally becoming a constituent 
part of the animal frame. This wiU, .therefore, be 
a fit period to conclude our present conversation. 

M^iat further remarks we have to make on the 
animal economy shall be reserved for our next 
interview. 
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CONVERSATION XXVL 

ON. ANIMAL U£AX ^ AND ON VARIOUS ANIMAL 

PRODUCTS, 



£M1LY« 

Since our last interview, I have been thinking 
much of the theory of respiration ; and I cannot 
help being iBtnick with the resemblance which it 
appears to bear to the process of combastion. For 
in respiration, as in most cases of combustion, the 
air suffers a chapge, and a portion of its oxygen 
combines with carbon^ produdng carbonic acid 
gas. 

MRS. B, 

I am much pleased that this idea has occurred to 
you : these two processes appear so very analogous, 
that it has hmi supposed that a kind of com* 
bastion actually takes place in the lungs ; not of 
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the blood, but of the superfluous carbon which the 
oxygen «ttr«:te from it. 

CAROLINE* 

A combofltkm in our lungs i that is a curious 
idea indeed I Bnt Mrs. B.9 how can you call the 

action of the air on the blood in the lungs com- 
bustion, when neither light nor heat are produced 
by it? 

EMILY. 

I was going to make the same objecUon.— - Yet 
I do not conceive how the oxygen can combine 
with the carbon, and produce^carbonic acid, with- 
out disengaging heat ? 

MRS* B. 

. The fiKt.is».diathitet is disengaged.* Whether 

any light be evolved, I cannot pretend to deter- 
mine; but that heat is produced in considerable 
and ymy sensible quantities is qertain, and this is 
the principal, if not the only source of akimal 

HEAT. 

. EMILY. 

How wonderful! that the very process which 

purifies and elaborates the blood, should afford an 
inexhaustible supply of internal heat ? 

• It has. been calculated that the heat produced by respir- 
ation in 12 hours, in the lungs of a healthy person, is such 
as would melt about 100 pounds of ice. 

8 8 
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This is the theory of animal heat ih Its original 
simplicity, such nearly as it was first proposed by 
Black and Lavoister. it apptaned equally dear 
and inganiDUB; and wAI at ftlrst gtoehllfy adopled. 
Bat it WM objected, on second consider^ition, that 
•if the whole of the animal heat was evolved in the 
IuDg8» it would necessarily be much less in l^e cap* 
tremides of the body than immediately at its 
source ; which is not found to be the case. This 
pl|jectio% lioweverY which was by no means frivo* 
JdU8» ii now satisfiMston^ removed by the following 
consideration : — Venous blood has been found by 
experiment to have less capacity for heat^ than 
arterial blood ; whenoi^ it fellows that the blood, . 
in gradually passing 4ma Mvtodal to (be ve- 
nous state, during the cirtukrtioti) parts with a 
portion of caloric^ by means of whkli beal is dif^ 
insed thMigh tmy pert ef th€i body. 

EMILY. 

More and more admiri^le ! 

CAROLINE. 

The cause of animal heat was always a perfect 
mystery to me, and I am delighted with its ex- 
planation. But pray, Mrs. B^, can you tell me 
what is the reason of the increase of heat that titk^ 
place in a fever? 
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EMILT. 

Js it not beoaoae w« then breathe quicker, and 
therefore more heat is disengaged in the system? 

MRS* B* 

That may be one reason ; but I should think 
that the principal cause of the heat experienced 

in fevers, is, that there is no vent for the caloric 
which is generated in the body. One of the most 
considerable secretbns is the insensible perspir- 
ation ; this is constantly carrying ofF caloric in a 
latent state; but during the hot stage of a fever, 
the pores are so contracted, that all perspiration 
ceases, and the accumulation of calcnric in the body 
occasions those burning sensations which are so 
painful* 

EMILY. 

. This is, no doubt, the reason why the perspir* 

ation which often succeeds the hot stage of a fever 
affords so much relief. If I had known this theory 
of animal heat when I had a fever last summer, 
I think I should have found some amusement in 
watching the chei9if?al processes that were going 
M wilhiii me* 

CABOUNE. 

But exercise likewise produces animal heat, and 
that must be quite in a different manner* 

8 * 
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MRS. B. 

' Not SO much so as you think ; for the more ex- 
ercise you take^^the more the body is stimulated^ 
and requires recruiting. For this purpose the 
circulation of the blood is quickened^ the breath 
proportionably accelerated, and, consequently, a 
greater quantity of caloric evolved* 

CAROLINE. 

True; after running very &6t, I gasp for breath, 
my respiration is quick and hard, and itisijust 
then that I begin to feel hot. 

tMILT.. 

It would seem, then, that violent exercise should 
produce fever. , 

Not if the person is in a good stateof h^lth; 

for the additional caloric is then carried ofTby the 
perspiration which succeeds. 

. EMILY. 

What admirable resources nature has provided 

for us ! By the production of animal heat she has 
enabled us to keep up the temperature of our bodies 
above that of inanimate objects; and whenever this 
source becomes too abundant, the excess is earried 
oii' by perspiration. 
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. It is by the same law of nature that we are 
enabled, in aU p.Umat«% and in all seasons, to pre- 
serve our bodies of an equal temperatures, or at 

least vei^y nearly so. . 

• * 

. . CAROUNfi* 

* - # 

Yott cannot mean « to say that our bodies are of 
the same Mqpmtare in sntemer, and in winter, in 
England, and in the West-Indies. 

Yes, I do ; at least if you speak of the tempera- 
ture of the blood, and the internal parts of the 
body : for those which are immediately^ in contact 
with the atmosphere, such as the hands and &ce^ 
will occasionally get warmer, or colder, than the 
internal or more sheltered parts. If you put the 
foalb of a thermometer in your mouth, whjch is the 
best way of ascertaining the real temperature of 
your body, you will scarcely perceive any difference 
in its indiciMaoiir whatever- may be the difierenqe of 
temperature of the atmosphere. 

f CAROLINE. 

And wlien I feel overcome, by heat, lam really 
not hotter than when I am -shivOTng with cold ? 
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MRS. B. 

Vfhen % pehtM in healdi IMft htt^ whether 

from internal heat, from violent exercise, or from 
the temperature of the atmosphere, his body is 
certainly a little warmer than when he IMfi Wy 
cold ; but this difference is much smaller than our 
sensations would make us believe ; and the natural 

lfti€(iw ft if ioUeiy Che ntmd fMrts thai aM 

warmer, and 1 am sure that you will be ^(urprised 
to hear that the internal temperature of the body 
scarcely ever descends below ninety»five or ninety- 
six degrees^ and seldom attains one hundred and 
four or one hundred and five degrees, even in the 
most violent fevers* 

EMILY. 

» * 

The gftetMr qiwHity •f fialliri% t h en a fo re^ that 

we a^eoeive fWmi atmosphere^ in •amnmeiv enn* 
Hot raise the temperature of our bodies beyond 
^erlaiti MuhIii aa itdoefe that c|f inanimate bodi^ 
beoame aii ^mm oftsahnci^ ^avried^byfer- 
spiration. 

CAROLINE. 

Bat the temperalare of the atnoaphere, and, 
consequently, ^Ut of faiaiiittMt^ MSieB% ia IMrdj 
never so high as that of animal heat? 

13 . 
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BCRSt B» 

# 

I beg your pardon. In the East and West 

Indies, and sometimes in the southern parts of 
Europe, the atmosphere is frequently above ninety- 
eight degrees, which is the common temperature 
of anunal heat. Indeed, even In dus comitry, it 
occasionally happens that the sun's rays, setting 
full on an object, devate iu temperature above that 
poSnt 

In illustration of the power which our bodies 
have to resist the effects of external heat, Sir 
Charles BUgden, with some other gentlemen^ 
made sereral very cnrious experiments. Here* 
maiiied for some time in an oven heated to a tem- 
peratwreiAot much inferior to diat of boiling water, 
withoni' snftring any other inooovemeflee Aan • 
profuse perspuratioo, which he supported by drink** 
ing plentifully. 

EMWY. ' 

i^m^d scarcely consider the perspiration as 
an wnm'fwmo^ Ht im^ him from beii^ 
baked by giving vent to the excess of cakiriCi 

■ 

• » 

I alwa ys thoi^bt, I confess, thai it was from 
the heat of the perspration that we sufiimd in 

summer. 

86. 



Digitized by Google 



MS ON AKIMAL HEAT. 

MRS* B« 

You now find that you are quite nii8taken# 

Wlienever evaporation takes place, cold, you know, 
is produced in consequence of a quantity of calorie 
being carried off in a latent state ; tht» is the case 
with perspiration, and it is in this way that it 
affords relief. It is on that account, also, that we 
are so apt to catch caldf when in a state of profuse 
perspiration. It is for the same reason that tea is 
often refreshing in summer, though it appears to 
heat you at the moment you drink it. . , . 

EMILT. 

.And in wint^^ on the contnii^^.tea i(5 pleasant 
jon account of its h.ett» 



MB8« B» 



Yes ; for we have then rather to guard against a 
deficiency than an excess drcaloric, and you do not 
<nd that tea will excite perspinftCton in winteiv un- 
less after dancing, or any other violent exercise. 



CABOLINE. 



What is the reason that it is dangerous to eat 
ice.aftmr/dancsngi or todrink.an^.tbing'CoU.wheii 
.one )s very hot ? 
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MRSi, B* 

Because the loss of heat arising from the per- 
spiration, conjointly with the chill occasioned by 
the cold draoght,' produce more cold than can be 
borne with safety, unless you continue to use the 
same exercise after drinking that you did before ; 
for the heat .occasioned by the exercise will coun- 
teract the efiects of. the cold drink^iand the danger 
will be removed. You may, however, contrary 
to the common notion, consider it as a rule, that 
cdd liquids may, at all titiie% be dnmk with. per* 
feet saiety, however . hot you mayiftel, prdvided, 
you are not at the moment in a state of great per- 
spiration, and on condition that you keep yourself 

VWft ^MAflSift^^^S ^^^^^^^^^^^^^ ^^y^^M^^^^^^^^^^^^^^ 

111 geuuv-wmvHv. wnnrwi^wh 

0 

EMILT. 

But since we are furnished with such resources 
against the extremes of heat or cold, I should have 
thought that all climtttes would have been equally 
wholesome. . ♦ . • , 

MRS. B. . ^ 

That is tru^ in a certun dqpree, widi regard 
to those who have been accustomed to them from 

birth 5 for we find that the natives of those cli- 
mates, which we consider as most deleterious, ar^ 
as healthy as ourselyes; and if such dimates are 
.unwholesome, to those who . are habituated to a 
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more moderate tempefMni^ it is because the ani-» 
mal economy dott not easily amstom itoelf to 

considerable changes. 

cy^OLUi^. 

But, pray, Mrs. B., if the dronktbn pveservea 
the body of on onifonn temperature, how does it 
liappea that aiMBiBls are som^^ 

'Because, if more heat be carried off by the at- 
mosphene than the cinmiation can supplyt the cold 
wBI inally piewllj thehew^ waHoum lo hmU 
the animal will be frosen. And, likewise* if the 
body remained Jong exposed to a degree of heat, 
greater than the penpiration could carry off, it 
would, at least, lose die pvwer of resistifl^ ita de- 
structive influence. 

Fish, I suppose^ haye no animal hea<f bni miif 

partake of the temperature of the water in which 
thqrli?e? 

EMILY. 

Ani their coldness, no doidi^ pipc^sd^ from 
dmrMtlwnibiQg? 

All kinds of fish breathe more vr less, though 
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in a much fimeiler degree than land aTiitnals. Nor 
are they 'eu^ir^y destUate of aoiiaal healB tWwghi 
for the mm tomkh^ ihcy are nmoh cotdar than 
other creatmrea. They have ooinparatively b«C a 
very small quantity of bk>od9 therefore but very 
liUto 'Wygssk it required^ and a pfoportionally 
sinatt qaafititl! of^ailteidlieat iafootratciL 

• * 

But, how can fish breathe under mter ? 

M«e»9i» 

1%6y farattfae l>y means tt the 8h^ which is •die* 

solved in the water; and if you put them into 
water, depmed of atr liy boilinf^ they are soon 

IFaftlb'ili totiBwed In a wmA of waterelOMd 

from the air, it soon dies ; and any fish put fh 
afterwards wonld be killed imuediiaefyi as aH the 
air liad tem piteviMriy ecMBiMl. 

Are diere any species of animab thai breathe 
more than we do ? ... 

Tes ; blrdsy of all animals, breathe the greatest 
quantity of air in proportion to their size$ and-it 
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is to this that they are supposed to owe the peculiar 
firouiess and strength of their muscles^ by which 
they are enabled to snpport the yioleot exertion .of 
flying. 

This difference between birds and fish, which 
may be considered bb the two extremes of the scale 
of muscuiar strength, is w^dl worth obserring. 
Birds residing constantly with the atmosphere, sur- 
rounded by oxygen^ and « respiring it in greater 
proporticms than any pther species .of . animals, 
are endowed with a superior degree of mnscnlar 
strength, whilst the muscles of fish, on the con- 
trary, are flaccid and oily; these animals are com- 
paradTely fedble in tbdr motions, and their tempe- 
rature is scarcely above that of the water in whicli 
they live. Tbis is, in all probability, owing to their 
imp^ea reqpiration; the;4]iiaplity of^hyclrofen 
and carbon, that is in oonseqoence aceumnlated 
in their bpdi^ forms the oil which is so strongly 
characteristic of jhat species of.fmimalsi and which 
relaxes and softens the small quantity of fibctne 
which their mubcks contain. 

• ' • 

» . . ••••'* • 

CAROUNE. . ' ' . 

Bat, Mrs» there are some spedes of birds 
that firequent both elements, as, for instiuice, dncks 
and other water fowl. Of what nature is the flesh 
of these? . • . . . 
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r Such birdsi In general, make' but little use of 
their wings ; if they fly, it is but feebly, and ohly 

to a short distance. Their flesh, too, partakes of 
the oily nature, and even in taste sometimes re^ 
sembles that of fish. . This is the case not only 
with the various kinds of water fowls, but with all 
other amphibious animals^ as the otter, the cr.oco« 
diie, the lizardj &c. 

CAROLINE. 

And what is the reason that reptiles are so de* 
ficient ia.muscular strength ? 

MRS. B« 

It is because they usually live under ground, 
and seldom come into the atmosphere. They have 
imperfect, and sometimes no * discernible organs 
of respiration; they partake^ therefore/ of the soft 
oily nature of fish ; indeed, many of them are 
.amphibious, as frogs^ toads, and snakesy and very 
few of them find any difficulty in remainmg a 
length of time under water. Whilst, on the con- 
trary, the insect tribe, that are so strong in pro- 
portion to their size^ and alert in their motions, 
partake of the nature of birds, ait being their 
peculiar element, and their organs of respiration 
.being comparatively larger than in other classes 
of animals* 



I have now given yen » short account of the 
principal animal functions. However interesting 
the subject may appear to yoUf a fuller mvestiga* 
tion of it would) I fear» letA us too far from our 

object. 

EMILY. 

Yet I shall not quit it without much regret; for 

of all the applications of chemistryi these appear to 
me the most curious and most interesting. 

But, Mrs. B.» I most Tenund you thai you pro- 
mised to give us some agconat of the nsture of 

UB8* B. 

Tme» There are several other animal produo* 
iions that deserve likewise to be mentioned*. We 
shall begin with milk, wbiflh is certainly the mdst 

important and the most interesting of all the animal 
.secretions. 

Milky likeallemher mmui substance^ ukimaldy 

yields by analysis oxygen, hydrogen, carboDi and 
lutro|^n. These are combined in it under the 
forms of albnmeii^ gdatij)% oUy and Water, But 
milk containsp besides, a conrideraUe portion of 
pbosphat of lime^ the purposes of which I have 
already pointed out* 
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CAROLINE. 

Yes; it is this salt wiii^ tieives to nourish the 
tender bbnes (tf ditMiekliiig. 

MRS. B> 

To reduce miik to its elementsy would be a very 
oomplicatedy as well as useless operation; but thte 

fluid, without any chemical assistance, may be 
decomposed into three parts, creamy curds, and 
isheif. These constituents of milk have but a Tery 
slight affinity For each other, and you Uni uecovA^ 
ingly that cream separates from milk by mere 
standing. It consists chiefly of oil, which being 
%bter than the other parts of the milk, gradually 
rises to the surface. It is of this, you know, that 
batter is made» which is nothing more tj^an oxy* 
geaatedcrjwn. 

Butter, theUf U somewhat anaFogous to the ^axy 
substance formed by the oxygenation of vegetable 
oil* 

Very much so. 

EMILY. - . 

But is the cream oxygenated by churning? 

MRS. B. 

Its oxygenation commences* previous to chum- 

* It is proper to nentioa that.the oxygenation of craam, 
which is taken for graated in the above theory, is a disputed 
iact. 
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ing^ merely by standing, exposed to the atmospheK^ 
finom whidh it abicnrbs. oxyg^. The prooesg \% 
afterwards completed by churning; the violent 
motion which this operation occasions brings every 
'^particle of cream in contact with the atmosphere, 
and thns facilitates its oxygens^ion. ' 

CAROLINE. 

But the effect of churning, I have often observed 
jn the dairy, is to separate the cream into two sub- 
stances, butter and butter-milk. 

MRS. B. • 

Thut is to say, in proportion as the oily par- 
ticles of the cream become oxygenated, they se- 
parate from the other constituent parts of the 
cream in the form of butter. So by churning ycii 
produce^ on the one band, butter, or oxygenated * 
oil ; and, on the other, butter-milk, or cream de- 
prived of oil. But if you make butter by churn- 
ing new milk instead of cream, the butter»milk 
will then be exacdy similar in its properties to 
creamed or skimmed milk. 

CAROLINE. 

Yet butter-milk is very diiierent from conomon 

bkimmed milk. 

SIRS. B. 

Because you know it is customary, in order to 
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iwfe time and luboar^ to make butter from oream 

alone. In this case, therefore, the butter-milk is 
deprived of the creamed milk, which contains both 
the curd and whey. Besides^ in consequence of the 
milk remaining , exposed to the atmosphere during 
the separation of the cream, the latter becomes more 
or less acidy as well as. the batterwmilk which it yields 
in churning. 

EMILY. 

Why should not the butter be equally acidified 
by 03grgenation ? ^ 

Mrs* 

Animal oil is not so easily acidified as the other 
ingredients of milk. Butter, therefor^ though ihmk 
ally made of sour cream, is not sour itself^ because 
the oily part of the cream had not been acidified. 
Butter, however, is susceptible of becoming acid by 
aii excess of o:qrgen; it is then said to be rancid^ 
and produces the stbacic' add, die same ai tittt 
which is obtained from fat. - 

• ' • ■» 

EMILY. , 

If that be the case, might not randd butter be 

sweetened by mixing with it some substance that 
would take the acid from it ? 

MRS. B. ' 

This idea has been suggested by Sir H. Davy, 
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who supposes, that if rancid butter were wdl 
washed in an alkaline solution^ the alkali ivould 
separate the aoid firom the butter* 

You said just now that cNaaied milk eeqaiiled 
of curd' ancl wbqr* Fray kow are Aeae ■q>aiated ? 

« 

MRS. B* 

They may be separated by standing for a cer- 
tain length of time exposed to U^e atmosphere ; 
but this deoompoiitioii may be almost instantane- 
ously effected by the chemlBal agency of a yaii^y 
of substances. Alkalies, rennet *, and indeed al- 
most all animal aithsUpcest deeompasemilk by cpm^ 
bming with the Gturds* 

Acids and spirituous* Iiquors» on the other hand, 
jmdw^ a decomposition by combining wi^b the 
irkmr» In cwdeTf tb^efei^ to obtain the wbcgrpun^ 
mmetf or an^ldipe aubst^ncoi^ must beamed to. ^tr 

tract the curds from it. 

But if it be wished to obtain the curds pure^ the 
mhey must be separated by acids, wine^ or other 
qpirituous Uquon* 

• Rennet b diensme given to a walsiy hiMon of the 
coato of the stomach of a tuddng calf. ItsremaricaUeeffi- 
' caqr in promoting coagulation it supposed to depend on the - 
.|aflincjaii»widiiwhlsh^kbiippregiMMed^ f. 
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SMILY. 

This 18 a Tery usefiil piece of information $ Ibr 

I find white-wine whey, which I sometimes take 
when I h^ve a cold) extremely heating; now, if the 
whey were separated by means of an alkali instead 
of wine, it would not produce that eflfecL 

Perhaps not. But I would strenuously adyise 
yo« notto i^ace too much rdianoe on your slight 
ehemical knowledge In medical matfers* I do nee 

know why whey is not separated from curd by 
rennetf or by an alkaU» for the purpose whioh yo« 
mention; but I strongly suspect diat there most -be 
some good reason why tiie pr«p«ra€km by means 
of wine is generally preferred. I can, however^ 
aiAlypouit out to you a method obtaining whey 
withottt dtber alkelif rennet^ or wine; it is by suk- 
stituting lemon-juice, a very small quantity of which 
will separate it from the curds. 

Whey, as an airtide of diet, is wy wholesome 
being remarkably light of digestion. But its effec^ 
taken medicinally, is chiefly, I believe, to excite 
peEspicatiom by beii^ drunk warm on gping. lp 
bed. 

From whey a substance may be obtained in 
crystals by evaporation, called sugar of milk. 
Thb substance is sweet to the tast^ and in its 
eomposition is sq anal^goms to wmma. sugar, 
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that it is susceptible of undergoing the viiious kt* 
mentation* • • 

CAROLINE. 

Why then is not wine^ or alcobd, made from 
wbej ? 

MRS. B* 

The quantity of sugar' contained in milk is so 

trifling, that it can hardly answer that purpose. 
I have heard of only one instance of its being used 
for the production of a qpirituous liquOTi and 
this is by the Tartan Arabs; their abundance of 
horseSf as well as their scarcity of fruits, has, in- 
troduced the fermentation of ma^^' milk, b^y. 
which they produce a liquor called koumiss. Whqr. 
is hkewise susceptible of being acidified by com- 
bining with oxygen from the atmosphere. It then 
produces the lactk acidf whiph ydu may recollect 
is classed with, the :ammal acid% as the add 
of milk. 

Let us now see what are the properties of curds. 

XMILY. 

I know that they ame made into cheese t but I 
have heard that for that purpose they ate separated 

from the whey by rennet, and yet this you have just 
told us is not the method of obtaining pure curds? 

MRS. B. 

• ' # » ^ • 

Nor are pure curds so^wd ladapted for ihe-fomw 
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ation of cheese. For the nature and flavour of 
the cheese depend, in a great measure, upon the 

cream or oily matter which is left in the curds ; 
so that if every partide of cream be removed from 
the "curds, the cheese is scarcely eatable. Rich 
chees«s, such as cream and Stilton cheeses, de- 
rive their excellence from the quantity, as well, as 
the quality, of the cream that enters into their 
composition. 

CAROLINE. 

I had no idea that milk was such an interesting 
compound. In many respects there appears to me 
to be a very striking analogy between milk and 
the contents of an egg, both' in respect to their 
nature and their use. They are, each of them, 
composed of the various substances necessary for 
the nourishment of the young animal, and equally 
destined for that purpose. 

MRS. B. 

There is, however, a very essential difference. 
The young animal is formed, as well as nourished, 
by the contents of the egg-shell; whilst milk serves 

as nutriment to the suckling, only after it is born. 

• 

There are several peculiar animal substances 
which do not enter into the general enumeration 
of animal compounds, and which, however, deserve 
|o be, mentioned. 

VOL. II. R 
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Spermaceti m ct Ms dass; it is a kiad of oUy 
snbstance ebtained from the bead of die wbale, 

whichy however, must undergo a certain preparation 
before it is in a fit state to be made into candles* 
It is not niBch ttuM combustible ttian tallow, bat 

it is pleasanter to burn, as it is less fusible and less 
greasy. 

Ambergris is another peculiar substance derived 
from a species of whale. It is, however, addom 

obtained from the animal itself, but is generally 
found floating on the sur&oe of the sea. 

Waxj you know^ is a concrete oil, the peculiar 
product of the bee, part of the constituents of 
which may probably be derived from jSower^^ but 
60 prepared by the organs of the bee, and so 
mixed with its own substance as to be decidedly 
an animal product. Bees' wax is naturally of a yel- 
low colour, but it is bleached by long e^^posure to 
the atmosphere, or may be instantaneously white- 
ened by the oxy-muriatic acid. The combustion 
of wax is far more perfect than that of tallow, and 
Gonsequently produces a greater quantity of light 
and beat 

Imc is a substance very similar to wax in the 
manner of its formation ; it is the product of an 
insect, which collects its ingredients from flowers^ 
apparently for the purpose of protecting ks egg* 
from injury. It is formed into cells, fabricated 
with as much skill as those of the honey-comb> 



bat differaitly arranged. The principal use of 

lac is in the manufacture of sealing-wax, and in 
making varnishes and lacquers* 

MuAt ctv€4 and easfoTf are other particular pro- 
ductions, from different species of quadnipeds. 

The two first are very powerful perfumes; the 
latter has a nauseous smell and taste^ and is only 
used medicinally* 

CAROLINE* 

Is it fr(Mn this substance that castor oil is ob- 
tained? 

AIRS* B* 

. N9» Ar-fren it» ior fas^OL.atL la a ifi^getable 
^il, expressed from the seeds of a particular plant ; 

and has not the least resemblance to the medicinal 
substance obtained from the castor* 

SUk is a peculiar secretion of the silk-worm» 
with which it builds its nest or ooooon* This in* 
sect was originally brought to Europe from China* 
Silk, in its chemical nature, is very similar to the 
hair and wool of animals ; whilst in the insect it 
is a flnidy which is coagulated, apparently by 
uniting with oxygen^ as soon as it comes in con* 
tact with the air. The moth of the silk-worm 
ejects a liquor whidi appears to ccmtahi a peculiar 
acid, called hombic^ the properties of which are but 
very little known* 

R 2 
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EMILT, 

Before we couclude the subject of the anima! 
economy, shall we not learn by what stepB dead 
animak return to their elementary state? 

MRS. B. 

Animal matter, although the moet complicated 
of all natural substances, returns lo its elementary 
state by one single spontaneous process, the pu- 
irid fermentaticn. By this, the albumen, fibrine^ 
&c. are slowly reduced to the state of oxygen, 
hydrogen, nitrogen, and carbon; and tlius the 
circle of changes through which these principles 
have passed is finally completed. They first 
quitted thdr dementary form, or their combina- 
tion with unorganized matter, to enter into the 
vegetable system. Hence they were transmitted 
to the animal kingdom ; and firom this they return' 
again to their primitive simplicity, soon to re-enter 
the sphere of organized existence* 

When all the circumstances necessary to pro- 
duce fermentation do not tak^ places animal, like 
vegetable matter, is liable to a partial or imper- 
fect decomposition, which converts it into a com- 
bustible substance very like spermaceti. I dare 
say that Caroline, who is so fond of analogies, 
will consider this as a kind of animal bitumen, 

18 



i^iyuizco by GoOglc 



ON ANIMAL FRODUCrm 



365 



CAHOLIVS. 

And why should I not, sfaioe the prooeeset which 

produce these substances are so similar ? 

MRS* Mm 

There is^ however, one considerable difierence ; 

the state of bitumen seems permanent, whilst that 
of animal substances, thus imperfectly decomposed^ 
ie only tnouient; and unless precautions be taken 
to preserve them in that stat^ a total dissolution 
infallibly ensues. This circumstance, of the occa- 
sional conversion of animal matter into a kind of 
spermaceti, is of late discovery. A manufacture 
has in consequence been established near Bristol, in 
which, by exposing the carcases of horses and other 
animals for a length of time under water, the mus* 
cular parts are converted into this spermaceti-like 
substance. The bones afterwards undei^ a differ- 
ent process to produce hartshorn, or, more pro- 
perly, ammonia, and phosphorus; and the skin is 
prepared for leather. 

Thus art contrives to enlarge the sphere of useful 
purposes, for which the elements were intended by 
nature; and the productions of the several king- 
doms are frequently arrested in their course^ and 
variously modified, by human skill, which compels 
them to contribute, under new forms, to the neces- 
sities or luxuries of man. 

« 3 
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But all that we eDjoyt whether produced by tlie 
qM)iitaneou8 operations .of nature or the ingenious 

eflbrts of art, proceed alike from the goodness of 
Providence* — To God alone man owes the admi- 
rable faculties which enable him to improve and 
modify the productions of nature^ no less than those 
productions themselves. In contemplating the 
works of the creation, or studying the inventions 
of art, letus, therefore^ never forget the Divine 
Source from which they proceed; and thus every 
acquisition of knowledge will prove a lesson of piety 
and virtue. 
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Fuller*8 earth, ii. 59 
Furnace, L 307 
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G 

Galls, ii. 205 
Gallat of iron, ii. 102 
Gallic acid, ii. m 202 
Galvanism, L 164 
Gas, L 185 
Gas-lights, L 243 
Gaseous oxyd of carbon, L 299 
■ nitrogen, ii. 115 

Gastric juice, ii. 320 
Gelatine, or jelly, ii. 2ai. 284 
Germination, ii. 2^ 
Gin, ii. 225 
Glands, ii. 302. 31 1 
Glass, ii. 34 
Glauber's salts, or sulphat of soda, 

u. OS. 
Glazing, ii. Ql 
Glucium, L 13 
Glue, ii. 28i. 2^1 
Gluten, ii. IfiS. lai. 
Gold, L 14, 526 
Gum, ii. 174. 

■ arabic, ii. 174 

elastic^ or caoutchouc, ii. 

— resins, ii. ISO, 192 
Gunpowder, ii. 120 
Gypsum, or plaster of Psuris, or 
sulphat of lime, ii. ^ 



H 

Hair, ii. 304 

Harrogate water, L 271. 342. 
Hartshorn, ii. 32. 289 
Heart, ii. 327 

- wood, ii. 272 
Heat, L 2fi* 34 

of capacity, L 12a. 136 

- of temperature, L 34 
Honey, ii. ITS 
Horns, ii. 2fifi. 504 
Hydro-carbonat, L 244. 306 



Hydrogen, L 211 
■ gas, L 2ia 



I and J 

Jasper, ii. 55. 
Ice, L 133 
Jelly, ii. 285 
Jet, ii. 244 
Ignes fatui, L 2S0 
Ignition, L I2Q 
Imponderable agents, L 12 
Inflammable air, L 2iJ. 
Ink, ii. 102. 204 
Insects, ii. 353 
Integrant parts, L 2 
Iodine, L 217. iL Ifil 
Iridium, L 14 
Iron, L 14. 322. 331 
Isinglass, ii. 198. 285 
Ivory black, ii. 2^ 

K 

Kali, ii. SB 
Koumiss, ii. 360 



L 

Lac, L 362 

Lactic acid, ii. IS* 294. 360 
Lakes, colours, ii. L24 
Lamp without flame, L 211 
Latent heat, L l.'^4 
Lavender water, ii. 188. 223 
Lead, L 14. 321. 353 
Leather, ii. 122* 291 
Leaves, ii. 264 
Life, ii. 152. IM 
Ligaments, ii. 307 
Light, L 12. 26. ii. 265 
Lightning, L 251 
Lime, ii. S3. 
— water, iL G5. 
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Limestone, iL 64 

Linseed oil, ii. 182 

Liqueurs, ii. 228 

Liver, ii. 312 

Lobes, ii. 260. 536 

Lunar caustic, or nitrat of silver, 

L 353. ii. 123 
Lungs, ii. 323. 334 
Lymph, ii. 508 
Lymphatic vessels, ii. .308 

M 

Magnetic needle, L Ifil 
Magnesia, ii. 4&. 70 
Magnium, L 13. 
Malic acid, ii. 201 
Malt, ii. 212 
Malleable metals, L H 
]\Ianganese, L Lit 32Q 
Manna, ii. L8Q 
Mamtre, ii. 2.>I 

Marble, ii. 121' • * 

Marine acid, or muriatic acid, 

ii. lAa 
Mastic, ii. m. 228 
Materials of animals, ii. 28i 

— ot* vegetables, ii. 169 

Mercury, L liL 549 

, new mode of freezing, 

LSfix SiO 
Metallic acids, L 343 
-- oxyds, L 519 
Metals, L 517 
Meteoric stones, L 545 
Mica, ii. 70 
Milk, ii. cJ05. 510. 354 
Minerals, L 518. ii. 50 
Miueral waters, L 299. ii. 152 
- ■ acidii, ii. 71 
Miner's lamp, i.252 
Mixture, L 100 
Molybdena, L LL 343 
Mordant, ii. 169. 196 
Mortar, ii. 57. 69 
Mucilage, ii. 174 



Mucous acid, ii. 78. 175. SOI 

membrane, ii. 315 

Muriatic acid, or marine acid, 

ii. 14Q 
Muriats, ii. 155 
Muriat of ammonia, ii. SSL 156 
■ lime, L lOl 

— soda, or common salt, 

ii. 140. 15a 

potash, ii. 142 
Muriatium, L 15 
Muscles of animals, ii. 302< 307 
Musk, ii. 36 J 
Myrrh, ii. 122 



- N 

Naphtha, L 560. ii. 244 
Negative electricity, L 25* IG^* 
188 

Nerves, ii. 285. 502. 512 

Neutral, or compound salts, L 
556. ii. 4. 2fL la* 

Nickel, L 13. 346 

Nitre, or nitrat of potash, or salt- 
petre, ii. a£L 10£* UQ 

Nitric acid, ii. 104 

Nitrogen, or azot, L 184. ii. 104 

gas, L l&JL 214 

Nitro-muriatic acid, or aqua re- 
gia, ii. 148 

Nitrous acid gas, ii. 105. 110 

• air, or mtric oxvd gas, 
ii.111 

Nitrats, ii. 12Q 

Nitrat of copper, ii. 5i 

' " - ammonia, ii. 1 18. 122 

potash, or nitre, or salt- 
petre, ii. 3fL lOa. 120 

silver, or lunar caustic, 

ii. 123 

Nomenclature of acids, L 267. 
ii. 73 

■ compound salts, 

IL 4. 2£ 
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Nomenclature of other binaxy 

compounds, L 2R1. 
Nut-galls, ii. IQ2» 202. 
Nut-oil, ii. 132^ 
Nutrition, ii. 501 

O 

Ochjres, L 523 
Oilsj L ii. 310 
Oil of amber, ii. 243 
— — - vitriol, or sulphuric acid, ii. 
84 

Olive oil, ii. 132 
Ores, L 318 

Organized bodies, ii, 165 
Organs of animals, ii. 294. 314. 

* vegetables, ii. LfiSt 
2G9. 273 
Osmium, L 14. 351. 
Oxalic acid, ii. '1B± 201 
Oxyds, L 2Q1 

Oxyd of manganese, L 320 

iron, L 207. 322 

lead, L 319. 322 

— • — — sulphur, ii. 95 
Oxydation, or oxygenation, L 199 
Oxygen, L LL IM. 201. 
' gas, or vital air, L 185. 

204 

Oxy-muriatic acid, ii. 144 
Oxy-muriats, ii. 157 
Oxy.muriat of potash, ii. 121 

P 

Falladium, L 13^ 351 
Papin's digester, L 1^ ii. 2as 
Parenchyma, ii. 260. 260 
Particles, L l£ 
Pearl-ash, ii. 2S 
Peat, ii. 24fi 

Peculiar juice of plants, ii, 212 
Perfect metals, L 14, 327 

VOL. II. 



Perfumes, L 311. ii. 187 

Perspiration, ii. 337. 5^4.'? 
Petrification, ii. 24i 
Pewter, L 347 
■ Pharmacy, L L4 
Phosphat of lime, ii. lOIL 303 
Phosphorated hydrogen gas, L 
2S0 

Phosphorescence, L 30 
Phosphoric acid, L 27€. ii. 103 
Phosphorus, L 273 
— — — - acid, L 277. ii. 103 
Phosphuret of Ume, L 2ai^ 344 

■* ■ I sulphur, L 

344 
Pitch, ii. m 
Plaster, ii. es 
Platina, L 14. 326. 
Platina ignited by a lamp without 

flame, L 2LL 
Plating, L 348 

Plumbago, or black lead, L 307 
Plumula, ii. 2ill 
Porcelain, ii. 60 

Positive electricity, L 2S± Iff?. 
IBS 

Potassium, L La. 3G0. ii. lij 

Pottery, ii. SO 

Potash, L 359. ii. 2d. 

Precipitate, L 22 

Pressure of the atmosphere, L 

ILL in 

Printers' ink, ii. 150 
Pnissiat of iron, or Prussian blue, 
fl. 235 

— potash, ii. 225 

Prussic acid, ii. 22. 294. 
Putrid fermentation, ii. 239. 3C4 
Pyrites, L 345. ii. mi 
Pyrometer, L 32. 43 

Q 

QuickUme, ii. Q5 
Quiescent forces^ ii. H 

8 
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R 

Radiation of caloric, L 53. 
— — — , Prevost*s theory, 
L 53^ 

, Pictet*s etpTano- 

tions, L fiA 

, Leslie's illustra- 
tions, L 62 

Radicals, ii. 5» 24 

Radicle, or root, ii. 2^ 

Rain, L 105 

Rancidity, ii. Iflfi 

KcctiBcation, ii. 227 

Reflexion of caloric, L 05. 

Reptiles, ii. 355 

Resins, ii. ISO. 2ID 

Respiration, ii. 321. 330 

Reviving of metals, L 550 

Rhodium, L LI. 351 

Roasting metals, L 519 

Rock crystal, ii. 51 

Ruby, ii. fi2 " *" ' 

Rum, ii. 223 

Rust,L 321. S3 1 



S 

Saccharine fermentation, ii. 212 

Sal ammoniac, or muriat of am- 
monia, ii. 212 

— — polychrest, or sulphat of 
potash, ii. 95 

• volatile, or carbonat of am- 
monia, ii. 45 

Salifiable bases, ii. 5 

Salifying principles, ii. 5 

Saltpetre, or nitre, or nitrat of 
potash, ii. Sfi, IM. 12Q 

Salt, ii. 05 

Sand, ii. 34^ 55. 

Sandstone, ii. 55 

Sap of plants, ii. 169. 264.266 
224. 226 



Sapphire ii. 61. 

Saturation, i. IQ2 

Seas, temperature of, L 34 

Sebacic acid, ii. 29* IS6. 357 

Secretions, ii. 31 1 

Seeds of plants, ii. 214. 225 

Seltzer water, L 302. ii. 62. 132 

Senses, ii. 314 

Silex, or silica, li. 34< 55 

Silicium, L 12 

Silk, ii. 365 

Silver, L 326 

Simple bodies, L liL 12 

Size, ii. 2M 

Skin, ii. 233. 214 

Slaking of lime, L 150. ii. 551 

Slate, ii. 54. 70 

Smelting metals, L 319 

Smoke, L 211 

Soap, ii. 28 

Soda, L 566. ii. 36 

water, L 302 

Sodium, L UL 36G 
Soils, L 43. ii. 243 
Soldering, L 348 
Solubility, it. 9S 
Solution, L 92 
— — by the air, lOa 
■ of potash, ii. 52 

Specific heat, L 122 
Spermaceti, ii. 362 
Spirits, ii. 517 
Starch-sugar, ii. 126 
Steam, L 141^ IM 
Steel, L 308 
Stomach, ii. 319 
Stones, ii. 5Q 

Stucco, ii. ea 

Strontites, ii. 48. 22 
Strontium, L 13 
Suberic acid, ii. 28> 201 
Sublimation, L 26Q 
Succin, or yellow amber, ii. 245 
Succinic acid, ii. 28. 2qL 245 
Sugar, ii. 1£9. 113. 212. 
— «. of milk, ii, 359 
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Sulphats. 

Super-oxygenated sulphuric acid, 
ii. 74 

Sulphat of alumine, or alum, ii. 

barytes, ii. fi£. 

■ iron, ii. IDQ 

lime, or gypsum of 

plaster of Paris, ii. Q2 

magnesia, or Epsom 



Thunder, L 251 

Tin, L 14. 347 

Titanium, L IA± 551 

Turf, ii. 24fi 

Turpentine, ii. 191 

Transpiration of plants, ii. "2fi4 

Tungsten, L 14± 343 



salt, ii. IL 22 

potash, or sal poly- 



chrcst, iL 95 

soda, or Glauber*s salts, 



ii. M 
Sulphur, i. 259 
- flowers of, 2fiQ 

Sulphurated hydrogen gas, L 166. 

271 

Sulphurets, L 344 
Sulphurous acid, L 257. ii. 22 
Sulphuric acid, L 25.. ii. 2fi2 
Sympathetic ink, L 3.57 
Synthesis, L 29Q 



Tan, II. 196 
Tannin, ii n69. 196 
Tar, ii. 121 

Tartarous acid, ii. 78. 201 

Tartrit of potash, iL 226 

Teeth, ii. 304 

Telluriam, L 14 

Temperature, i. 33 

Thaw, i. 1 59 

Thermometers, L 4Q. 

•• , Falirenheit*8, L 



41 



43 



44 



Reaumur^s, L 
Centrigrade, i. 



42 



-, air, L 45 

-, differential^ L 



Vapour, L ^ 5£L Ml 1S5 
Vaporisation, i. 104 
Varnishes, ii. L21 
Vegetables, ii. 162 
Vegetable acid, L 313. ii. 2E. L51 

colours, ii. 124 

heat, ii, 276 

— — — oils, ii. IM 
Veins, ii. 308. 327 
Venous blood, ii. 309. 330. 342 
Ventricles, ii. 528 
Verdigris, i. g55 . 
Vessels, ii. 308 
Vinegar, ii. 236 
Vinous fermentation, ii. 216 
Vital air, or oxygen gas lfl5 
Vitriol, or sulphat of iron, ii. 
B5 

Volatile oils, L 310. ii. 162. 228- 
273 

— — products of combustion, 
i. 21Q 



alkali, L 366. ii. 24. 32* 

Voltaic battery, L 167. 223. SSQ. 
ii. 19 



U 



Uranium, L 14 



W 



Water, L 21S* ii. 2gS 
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Water, decomposition of, by elec- 
tricity, L 2QSs 22a 

, condensation of, L 23 
. of the sea, L 31 

, boiling, L 94 
— — — , solution by, L 02 
■ of crystallization, L M2 



Wax, 1*312. li. IfiS.. 362 
Whey, ii. 255 
Wine, ii. 21ii 
Wood, ii. 211 

Woody fibre, ii. im 2QQi 21Q 
Wool, ii. 304 



Veast, ii. 238 
Yttria, ii. 43 
Yttrium, L 1^ 



Zinc, ii. LS- 348 
Zicornia, ii. IS^ 
Zicomium, L 1_I 
Zoonic acid, ii. 20^ 291. 



THE END. 
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